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LIFE CHARACTERISTICS OF SURFACES CON- 
STRUCTED ON PRIMARY RURAL HIGHWAYS ' 


BY THE DIVISION OF CONTROL, PUBLIC ROADS ADMINISTRATION 


Reported by ROBLEY WINFREY, Research Associate Professor, lowa State College, and FRED B. FARRELL, Associate Highway Engineer-Economist, Public 


HE large annual in- 

creases in usage by the 
motor vehicle of the high- 
wavs of the United States 
during the past few years 
have brought to the engi- 
neer, the legislator, and 
the general public the 
realization that there is no 
permanent type of high- 
way facility. Many 
structures and roadways 
which were built to the 
most modern standards as 
recently as 10 years ago 
are rapidly becoming ob- 
solete and in many in- 
stances consideration is 
already being given to 
their replacement or re- 
construction. 

In order to realize the 
maximum service from a 
highway, the highway 
engineer is obliged to de- 
sign for conditions that he 
estimates will exist 10,20, 
30, and even 50 years in 
the future. It is obvi- 
ously an economic waste 


Roads Administration 





Life characteristics of various surface types con- 
structed on primary rural highways were determined 
from the analysis of construction and retirement 
mileage data obtained by several States in connection 
with the road-life study phase of the State-wide high- 
way-planning surveys. Approximately 210,000 miles 
of construction up to January 1, 1937, of various sur- 
face types in 26 States were involved in the analyses 
of average service lives. In addition, an analysis was 
made of the disposition of mileage at the time of retire- 
ment, involving slightly over 56,000 miles of retired 
surfacing in 23 of the 26 States. 

Estimates of average service lives were obtained 
from statistical analyses involving the use of survivor 
curves. Data were available for some types as early 
as 1903 and a continuous record of the miles remaining 
in service for each year’s construction was available 
up to January 1, 1937. Each year’s construction was 
analyzed separately, where possible. In general it 
was found that the average service life of the lower 
types decreased and the higher types increased during 
the period of 1910 to 1936. 

The predominating limits of average service lives 
were as follows: Soil surfaced, 5 to 14 years; gravel 
or stone, 6 to 13 years; bituminous surface treated, 
11 to 21 years; mixed bituminous, 14 to 22 years; 
bituminous penetration, 15 to 17 years; bituminous 
concrete, 13 to 20 years; portland cement concrete, 17 
to 24 years; and brick or block, 18 to 21 years. 

Retirement of a road surface is considered as being 
effected when (1) the wearing surface undergoes a re- 
surfacing operation (other than a routine maintenance 
operation), (2) the surface is reconstructed, (3) the road 
is abandoned, (4) the road is transferred to another 
public authority for continued maintenance and re- 


State College when a study 
of the street pavements in 
Des Moines, Iowa, was 
started.? 

In January 1935, the 
studies of service lives of 
roadway surfaces were ex- 
tended to State highway 
systems and other cities 
under a cooperative agree- 
ment between the Public 
Roads Administration 
(then the Bureau of Pub- 
lic Roads) and Iowa State 
College. Under this 
agreement, studies * were 
made in Buffalo, New 
York; Des Moines, lowa; 
Wayne County, Michigan; 
Massachusetts; Rhode Is- 
land; New Hampshire; 
and Vermont. 

Starting in the fall of 
1935, these studies, desig- 
nated as road-life studies, 
were incorporated as a 
phase of the State-wide 
highway-planning surveys 
inaugurated in the several 


© construct a road that 
vill last 30 years from a 
structural standpoint, only 
to find that it must be 
ibandoned within 10 years 


struction on new location. 





construction, or (5) the surface reverts to a lower type 
through lack of adequate maintenance. Approxi- 
mately 12 percent of all retirements involved con- 


States under the direction 
of the Public Roads Ad- 
ministration. Up to De- 
cember 1940, 46 States had 
undertaken this phase of 
planning surveys.* 








because of poor alinement 
or grades. Further, it is shortsighted policy to build a 
surface expected to last 20 years under existing traffic 
nditions if increases in traffic are anticipated that 
‘ill immediately result in the structural failure of the 
id surface. 
lo evaluate the present status of the highway system 
ind to formulate plans for orderly future development, 
it is necessary to estimate (1) the extent to which 
\isting alinements and grades will be adequate for 
nticipated conditions in future years, and (2) how long 
various types of surfaces, structures, and other 
ppurtenances will afford satisfactory service before 
‘placement is required. 
\nalyses of the service lives of roadway surfaces and 
her highway elements are necessary (1) to make 
ailable the facts concerning the service lives of the 
rious types of highway construction and (2) so that 
‘(mates of revenue required for highway purposes 
in be prepared which are consistent with the probable 
nd and extent of necessary replacements. Studies of 
iis character were first undertaken in 1934 at Iowa 


per presented at the Twentieth Annual Meeting of the Highway Research 
1, December 1940. 





295646—41——-1 





In addition to the com- 
pilation of data upon which to base calculations of aver- 
age service lives of roadway surfaces, the road-life 
studies include tabulations and investigations of con- 
struction costs, salvage values of retired roadway 
elements, maintenance costs and the service lives of 
structures, traffic services, grading, right-of-way, etc. 
This work is being accomplished by State personnel in 
the individual States under the supervision of the Public 
Roads Administration. Involved in this phase of the 
highway planning survey are painstaking search and 
recording of the maintenance and construction records 
for each mile of primary State or Federal-Aid highways. 

DATA OBTAINED FOR 9 ROAD SURFACE TYPES IN 26 STATES 


This report is confined to an analysis of the data 
relative to the service life characteristics of various 
surface types compiled for the rural portions of the 





2A Mortality Curve Study of the Actual Service Lives of Brick-on-Concrete 
Pavements, Des Moines, Iowa, 1909-1928, by Anson Marston. Proceedings Highway 
Research Board, Vol. 14, Pt. I, pp. 49-58. 1934. 

3 Preliminary Studies of the Actual Service Lives of Pavements, by Robley Win- 
frey. Proceedings Highway Research Board, Vol. 15, Pt. I, pp. 47-60. 1935. 

* Some of the States have published or have available certain results and applica- 
tions of the road-life studies, and other States are in the process of completing reports. 
Such information and reports, if available, may be obtained directly from the State 
highway department. 
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(2) AVERAGE LIVES ANALYZE 
~ AVERAGE LIVES AND 
ta# OF RETIREMENT ANALYZED 





FOR Wuicn Roap-Lire MiILeaGe Data 


ARE INCLUDED. 


FicguRE 1.—STATES 


primary State or Federal-Aid systems of the following 
26 States (fig. 1): ° 


Alabama. Maryland. Rhode Island. 
Arizona. Missouri. South Dakota. 
California. Montana. Texas. 
Colorado. Nebraska. Utah. 

Florida. New Mexico. Vermont. 
Idaho. North Carolina. Virginia. 
Indiana. North Dakota. West Virginia. 
Kansas. Ohio. Wvoming. 
Louisiana. Oklahoma. 


The data compiled for the purposes of this report are 


those relating to constructed and retired mileages of | 


surfacing from which the following basic summaries 
were obtained: 

1. Miles constructed each year for each surface type (for 
26 States). 

2. Miles of each year’s construction of each surface type 
remaining in service January 1 each year after construction 
(for 26 States). 

3. Replacement surface types for miles of each surface type 
retired each year (for 23 States). 

4. Method of retirement (resurfaced, reconstructed, aban- 
doned, or transferred) for miles of each surface type retired each 
year (for 23 States). 

Data for Alabama, Ohio, and Vermont were not 
available for the summaries prepared in connection 
with items 3 and 4 above. 

There are nine major surface types for which indi- 
vidual summaries and analyses are presented: 
Soil-surfaced roads. 

Gravel or stone roads. 
Bituminous surface-treated roads. 
Mixed bituminous roads. 
Bituminous penetration roads. 
Bituminous concrete roads. 

. Portland cement conciete roads. 
Brick or block roads. 

Dual-type roads. 

The following definitions used in all phases of the 
planning surveys are followed in determining the 
general type classification of the surfaces constructed 
in each individual State: 

1. Soil-surfaced road.—A road of natural soil, the 
surface of which has been treated for purposes of 
stabilization by the addition of a course of mixed soil 
such as sand-clay, soft shale or topsoil, or an admixture 
such as bituminous material, portland cement, sodium 
chloride, or fine granular material (sand or similar 
material). 

2. Gravel or stone road.—A road, the wearing course 
of which consists of gravel, broken stone, slag, chert, 


n> 9990 
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5 Acknowledgment is made to the personnel who compiled and reported the infor- 
mation in these States. 
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caliche, iron ore, hard shale, chats, disintegrated rock 
or granite, or other similar fragmental material coarser 
than sand. 

3. Bituminous surface-treated road.—A graded and 
drained earth road, a soil-surfaced road, or a gravel or 
stone road, to which has been added by any process a 
surface mat of bituminous material and mineral 
aggregate less than 1 inch in compacted thickness. 

Mized bituminous road.—A road, the wearing 
course of which is 1 inch or more in compacted thick- 
ness, composed of gravel, stone, sand, or similar mate- 


rial, mixed with bituminous material under partial 
control as to grading and proportions. 
5. Bituminous pe netration road.—A road, the we ‘aring 


course of which is 1 inch or more in compacted thick- 
ness, composed of gravel, stone, sand, or similar mate- 
rial, bound with bituminous material introduced by 
downward or upward penetration. 

6. Bituminous concrete road (includes sheet asphalt 
and rock asphalt).—A road, the wearing course of 
which consists of gravel, stone, or sand, mixed with 
bituminous material in accordance with precise speci- 
fications defining gradation of the mineral aggregate 
and proportions of aggregate and bituminous cement 
1 inch or more in compacted thickness, and laid on a 
base course of either rigid or nonrigid type. 

7. Portland cement concrete road.—A_ road, the 
wearing course of which consists of portland cement 
concrete, with or without a bituminous mat less than 
1 inch in compacted thickness. 

8. Brick or block road.®—A road, the wearing cours: 
of which consists of vitrified paving brick, stone block 
wood block, asphalt block, or other form of block, with 
or without a bituminous mat less than 1 inch in com- 
pacted thickness. 

9. Dual-type road._-A road, the wearing course of 
which consists of two individual types constructed at 
the same time,’ each of which has a width of at least § 
feet which may be in contiguous or divided strips, both 
individual types being of such character as to be classed 
logically as a part of the traffic-bearing road surfac 
rather than as surfaced shoulders. 


5 METHODS OF RETIRING ROAD SURFACES 


Retirement of a road surface is considered as being 
effected when (1) the wearing surface undergoes a re- 
surfacing operation (other than a routine maintenance: 
operation), (2) the surface is reconstructed, (3) the road 
is abandoned, (4) the road is transferred to another 
public authority for continued meintenance and recon- 
struction, or (5) the surface reverts to a lower typ: 
through lack of adequate maintenance. With the ex- 
ception of reversions, which are so few as not to warrant 
further consideration, retirements are generally con- 
sidered as resulting from operations classified as con- 
struction. It is an accepted fact that a significant 
amount of construction work is done by maintenance: 
forces in many States, and in the recording of the origi- 
nal data summarized in this report an attempt was 
made in each State to segregate construction from main- 
tenance in a uniform manner regardless of the account- 
ing classifications in effect in a particular State. Th: 


6 In the highway planning surveys, vitrified paving brick roads are reported se; 
arately from other types of brick or block roads. Because of the small mileag 
involved, these two types are combined. Approximately 97 percent of the co 
struction of these two types included in this report is vitrified paving brick. 

The qualification that both types comprising the dual-type road must be co 
structed at the same time does not apply to other phases of the highway planni: 
survey. It is adopted in the road-life study because of the statistical procedur: s 


followed in analyzing construction having similar ages. 
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classifications of construction and maintenance opera- 
tions generally followed in the road-life study are 
those included in the Tentative Draft of the Report 
to the 1938 Association Meeting by the Subcommittee 
on Accounting of the American Association of State 
Highway Offic sials.§ 

Mile age transferred off the State or Federal-Aid high- 
way systems to the county or other local authority is 
classified throughout all mileage tables as a retirement. 
A transfer is not a retirement in the sense that the road 
has rendered its total service to the public from a struc- 
tural standpoint, although quite frequently this is the 
case. A transfer is, however, a retirement in the sense 
that the road has rendered its complete service as a 
State or Federal-Aid highway. Retirements by trans- 
fer are generally the result of functional obsolescence 
involving alinements and grades which are unsatis- 
factory for existing traffic conditions. A new road is 
built on new alinement and improved grades, and the 
old road remains in service usually because of the ne- 
cessity of providing for local traffic usage. After the 
new road is placed in service on the State or Federal- 
Aid highway system, the State frequently will no longer 
assume responsibility for the continued maintenance 
and reconstruction of the old road, and the county or 
other local authority generally takes over this responsi- 
bility; otherwise the old road may be entirely discon- 
tinued from service, in which case it is considered as an 
abandonment. 

For most of the 26 States, the mileage data are for 
the primary rural State highway system. In two or 
three States, the data are for the rural Federal-Aid 
system. In general, all mileages in incorporated places 
having a population greater than 1,000 persons are ex- 
cluded from the summaries. The data for all States 
are summarized only to January 1, 1937, since the in- 
formation for more recent dates is complete for only a 
few States. 

There are many miles of surfaces, primarily of the 
lower types, for which the date of retirement is known 
but for which there is no record of the date of initial 
construction or for which the date of initial construc- 
tion cannot be closely estimated. The parti: al data in 
these cases are not included in the summaries for mile- 
ages constructed and remaining in service during the 
Var ious ye ars. 

In general, the data for construction since 1920 are 

latively complete for the 26 States. Prior to 1920, 
—— it is evident that the construction volume 
ded in the tables is only a portion of that actually 
completed on roads which later became a part of the 

State or Federal-Aid highway systems. This results, 
primarily, from difficulty in locating records of early 
construction. In a few cases, the records were found 

various field offices, but more frequently, records of 

. early construction could not be located. 

lable 1 is a summary of the mileages involved in the 
alysis of the average service lives included in this 
port. 


ct 


MILEAGES BUILT AND REMAINING IN SERVICE GIVEN FOR VARIOUS 
SURFACE TYPES 
in tables 2, 3, and 4 are listed for each surface type 
« miles constructed each year, the miles retired each 
and the miles remaining in service on January 1 
ich year, 


/pies of this Tentative Draft were transmitted to all State highway departments 
r date of June 2, 1938, by E. E. Hall, Secretary, Subcommitteeon Accounting, 
rican Association of State Highway Officials. 


year, 

















TABLE 1.—Total mileages in the 26 States used in the calculation 
of probable average service life 1 

Miles re- 

No > Miles con- | maining in 

: , structed service on 
| | 1-1-37 
| oer : a 

} Soil surfaced 8, 907 4. 321 

2 | Gravei or ston 79, 110 37, 187 

3 | Bituminous surface treated 30, 949 25, 139 

4 | Mixed bituminou 30, 581 28, 351 

5 | Bituminous penetrat 14, 301 11, 901 

6 | Bituminous concret 10, 283 8, 481 

7 | Portland cement concret git 30, 602 

R Brick or block " 799 1, 927 

9 | Dual type i = 974 249 

1! Involves only mileage of each type for which: (1) Both the original construction 





date and the retirement date are kr 
construction date is known if t 





7n if the mileage was retired; and (2) the original 
$s still in service 





The form in which the mileage data for each surface 
type were prepared by each State is similar to the ar- 
rangement of tables 5 to 13. The two left-hand col- 
umns show the year and mileage constructed, whereas 
the entries in the balance of the table indicate the 
mileage of each year’s construction that remained in 
service on January 1 of each year after construction. 
Table 5, for example, records 450 miles of soil-surfaced 
roads constructed in 1929 by the 26 States included in 
these summaries. Of these 450 miles built in 1929, 
there were 435 miles remaining in service on January 1, 
1930; 408 miles on January 1, 1931; 356 miles on Jan- 
uary 1, 1932; and so forth up to January 1, 1937, when 
there were 289 miles remaining in service. The totals 
at the bottom of each year column of tables 5 to 13 
represent the total miles in service on January 1 of each 
calendar year. 














TABLE 2.—Mileage of each surface type constructed each year 
[Compiled from data submitted by 26 States for rural State or Federal-Aid systems] 
| 
B Bi- : Port- 
Bi- 
tur ive d ur i- ( 
Year of con- papas. | NAR wae MI i- a perl = } — | Dual 
struction ae : Sur- | tumi- | pene- —— ment soe type 
faced | stone ropa cmese : con- block | *¥! 
face nous tra- crete con- 
treated tion ‘ crete 
Miles Miles Miles | Miles | Miles | Miles | Miles | Miles | Miles 
1903 Li | 
1904 18 | 
1905 » | | 
1906 } | | 
1907 17 2 | 7 
1908 12 7 9 
1909 11 ) } l 2 s 
1910 19 } f 40) eo 27 
1911 40 I A( 47 24 
1912 129 212 122 24 6 29 48 
1913 139 267 82 18 65 71 42 40 | 
1914 111 31 136 72 115 261 | 99 
1915 189 34 289 2 76 | 290 279 239 
1916 129 316 330 1 213 | 132 505 | 127 | 
1917 10 275 | 136 s|/ 104] 53] 236] 120] 
1918 74 405 214 10 122 | 122 322] 128 ‘ 
1919 128 577 168 12 213 | 652 475 | 129 | : 
1920 279 | 1,273 260 136 312] 213 561 _ 
1921 334 | 2, 506 329 472 416 377 888 220 | i) 
1922 499 | 3,485 17¢ 81 519 | 346) 1,113 | 261 41 
1923 387 | 3,657 438 182 555 | 545 | 1,124 226 27 
1924 421 | 4,958 486 67} 898 623 | 1,922] 112] 3 
1925 418 | 5,659 996 77 794 471 | 1,690 161 17 
1926 200 | 5,634 | 1,567 197 546 | 476 | 2,087 | 125 20 
1927 218 | 4,689 | 1,770 375 | 458 718 | 1,942 | 61 14 
1928 279 884 2,108 | 1,016 | 664 501 | 2, 238 | 7 s 
1929 450 | 5,168 | 2.056 | 1, 162 873 682 | 1,891 7 11 
1930 532 | 5,899 | 3,747 | 2,860 | 1,184 514 | 3,855 | 92 16 
1931 475 | 6,304 | 2,631 | 3,747 | 1,411 606 | 3,518 | 7 31 
1932 498 | 5,318 | 2,169 | 5,551 | 1,096 590 | 2,825/ 69 16 
1933 548 | 4,244 | 2,444 | 3,132] 981 484 | 2,039 | 28 6 
1934 __ 1,021 | 4,071 | 3,042 | 5,007 685 735 | 1,110 | 57 22 
1935 613 | 2,856 | 2,060 | 2,686 944 514 828 35 20 
1936 651 | 3,959 | 3,020 | 3,736 950 | 1,053 904 | 28 13 
Total..... 8, 907 |79, 110 |30, 949 |30, 581 |14, 301 /10, 283 | 
} { 
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TABLE 3.— Mileage of each surface type retired each year ! 


{Compiled from data submitted by 26 States for rural State or Federal-Aid systems] 














: Port- 
Bitu- F Bitu-  Bitu- 
| ons . ; Mixed land : 
» , | Soil |Gravel) mi- : mi- mi- Brick 
¥ — sur- | or nous bitu- nous | nous ance or ee 
faced | stone |surface . | pene- | con- : block ’ 
treated| 74S tration) crete | CO™ 
‘ . crete 
a 
| Miles | Miles | Miles | Miles | Miles | Miles | Miles | Miles 
} _ | eee: See ; - 
| a1 {Se 2 mx: : l 
2 | 7) 1 
13 | 25 ae 1 1 
a 3 ee 5 : 8 1 
89 | 3) GEER 5 6 
39} 14 7 6 7 
109 31 | 3 21 7 
57 43 1 9 18 6 
189 37 4 8 27 24 6 
638 110 8 22 12 57 7 
235 49 5 28 100 35 3 
371 51 ; 36 59 53 8 
401 59 12 38 32 16 13 
573 29 3 45 40 38 41 
783 83 10 37 61 71 17 
806 71 17 43 81 &5 26 
2, 211 129 34 72 60 80 51 
1, 939 157 45 | 133 117 143 53 ] 
4, 736 439 97 225 133 202 75 l 
4,813 | 795 72 264 112 135 111 2 
5, 789 822 222 263 178 234 114 2 
4, 432 527 271 223 172 205 39 9 
5, 033 919 336 202 189 19] SO i 
3, 337 608 441 219 108 163 57 
5, 290 773 552 | 523 297 371 153 
4, 586 |41,923 | 5,810 | 2,230 | 2,400 | 1,802 | 2,173 872 2 








1 Includes mileages which are retired as the result of being transferred from the rural 
State or Federal-Aid systems to the county or other authority for continued mainte 
nance and reconstruction. 

TABLE 4.— Mileage of each surface type remaining in service on 
January 1 each year 


[Compiled from data submitted by 26 States for rural State or Federal-Aid systems] 


















: Port- 
Bitu- " Bitu- | Bitu- 
rr “a Mixed land 
Year remaining | — —— cane bitu- El een ce- _ KE! Dual 
uD COV CO faced | stone ‘surface | ih pene- | con- | MEM) piock | tyPe 
treated) "°4S |tration! crete | CO? 
crete 
Miles | Miles | Miles | Miles | Miles | Miles | Miles | Miles | Miles 
| es Saamenee 1] Se a jae 
Dh wiidissncnns bageaued 29 : 
-_ eS Ee } 49 P 
EER! Grae | 88 : 
Se, ee 135 I hs 7 
_ a } 12 206 28 5 16 
aa 23 309 73 1 7 24 
a a 42 465 133 4 47 l 51 
SSS | 82 628 173 4 Of | ..... 1 | 7 
Mb oninawommenn 211 $33 292 28 150 30 122 
aaa 350 | 1,098 367 45 215 71 72 162 
1915... 457 | 1,416 478 45 286 | 185 333 6] 
arr 646 | 1,920 754 47 357 | 475 604 496 
| ae 775 | 2,147 | 1,068 66 570 602 | 1,103 623 
2 ees 874 | 2,383 | 1,190 74 667 649 | 1,332 743 
| Se | 939 | 2,679 | 1,373 s4 784 768 | 1,633 S64 
_ eee } 1,022 | 3,199 | 1, 498 96 996 811 | 2,090 QS7 
ares | 1,271 | 4,283 | 1,721 228 | 1,300 997 | 2,627 | 1,124 
- ee 1,590 | 6,151 | 1,940 692 | 1,694 | 1,362 | 3,458 | 1,337 9 
| ES PEES Ye | 2,077 | 9,401 | 2,067 | 768 | 2,185 | 1,608 | 4,536 | 1, 595 50) 
aes 2,419 |12, 687 | 2, 454 950 | 2,704 | 2,094 | 5,607 | 1,813 77 
ee 2, 686 |17, 244 | 2,881 | 1,005 | 3,564 | 2,685 | 7,513 | 1,912 80 
ee 2, 828 |22, 330 3, 848 | 1,079 | 4,313 | 3,116 | 9,165 | 2,032 97 
7 ae | 2,649 |27,181 | 5,332 | 1, 266 | 4,822 | 3,531 |11,181 | 2,140 117 
ES | 2,432 |31,064 | 7,031 | 1,624 | 5, 237 | 4,168 |13,038 | 2,175 131 
a 2,361 |34, 737 | 9,010 | 2,606 | 5,829 | 4. 609 15,196 | 2, 202 139 
SRE 2, 426 |37, 966 |10, 909 | 3,723 | 6,569 | 5,174 116,944 | 2.176 | 149 
‘SSS a 139, 129 |14,217 | 6,486 | 7,528 | 5,155 |20,597 | 2.193 | 164 
eS 2, 645 |40,620 |16,053 10,061 | 8,675 | 6,049 |23,970 | 2,153 193 
1933 - ---| 2,890 |40, 149 |17, 400 (15,390 | 9,508 | 6,461 |26,561 | 2,108 207 
---| 3,066 |39,961 [19,317 (18,251 |10, 266 | 6,773 28,395 | 2,097 04 
OE SE: 3,799 |38,999 21,440 |22,922 10,749 | 7,319 314 | 2,074 222 
SSS 4, 084 (38,518 |22, 892 |25,167 11,474 | 7,725 |29,979 | 2,052 242 
ee 4,321 |37, 187 |25, 139 |28,351 [11,901 | 8,481 30,602 | 1,927 249 





For the purpose of calculating the average service 
lives, all mileages constructed during a given calendar 
year are considered to have been placed in service on 
July 1 of that year. Mileages remaining in service are 
thus % year of age on January 1 of the calendar year 
following the year of construction, 1% years of age on 
January 1 of the second year after construction, etc. 
By the use of these ages and the mileages remaining in 
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service as shown in tables 5 to 13 the probable average 
life of the construction for each year was calculated. 

The mileages that remained in service on January | 
of each year after construction are expressed as percent- 
ages of the original construction mileage. These per 
centages at ages 0, 4, 1%, 2%, ete., years were plotted, 
using the percentage remaining in service as the ordi- 
nate, and the age in years as the abscissa. The plotted 
points were then connected with straight lines to form 
original survivor curves, illustrative examples of whic! 
are given in figures 2 to 9. 

In the event that all mileage of a given surface typ 
constructed during a particular year was retired prior 
to January 1, 1937, the survivor curve extends to zero 
percent remaining in service. In such cases (fig. 2 
the construction rendered its complete service, the 
extent of which is measured by the area on the grap! 
below the survivor curve. 


AVERAGE SERVICE LIVES CALCULATED 


In most instances (figs. 3 to 9), however, a portion o! 
the mileage of a given surface type constructed during 
a particular year remained in service on January 1, 1937. 
Such a condition results in a ‘“‘stub”’ survivor curve, the 
end point of which indicates the percentage of the 
original mileage remaining in service on January 
1937. In these cases the area below the stub survivor 


curve to the left of the ordinate erected at the end point 
represents the service realized prior to January 1, 1937, 
and it is necessary to extend the curve to zero perce: t 
surviving in order to estimate the average life of the 
entire original mileage. 
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TABLE 13.—Dual-type road mileage remaining in service; mileage constructed each year, 
of each 


and mileage remaining in service on January ! 
year 


[Compiled from data submitted by 26 States for rural State or Federal-Aid systems] 


Construction 


—ae ne mmm ae 1922 1923 1924 1925 1926 1927 
Year Miles 

Miles Miles g Miles Miles Miles Miles 

1921.... . 9 9 9 9 rf) i) 

1922 4} Py 41 41 41 #1 

1923... 27 27 27 27 27 

=e : 3 ; 3 ; 

es 5 17 . 17 17 

1926 » ") 
= sabia 14 
aa A s 
1929 ‘ ll 
: “aes 16 
= ; 31 
(ae 16 
1933... : 6 
1934._.. 22 
1935_... aac 20 
a 13 

3weeel....-< 274 | 9 50 77 80 QF 17 


Average service lives were determined in accordance 
with the particular conditions pertaining to each sur- 
vivor curve. For the older construction, particularly 
for the lower types of surface, survivor curves that reach 
zero percent remaining in service were obtained in 
many instances, and hence the average service life is 
equal to the area below the survivor curve divided by 
100. For the stub survivor curves generally obtained 
for the higher types of surface and for the more recent 
construction, it is necessary to estimate the future 
trend of the curves from the end point of the actual 
experience to zero percent remaining in order to obtain 
approximations of the total service to be expected from 
the mileage constructed. These future trends of stub 
survivor curves were estimated by one of the following 
two methods: 

A. By projecting the stub survivor curve to zero per- 
cent remaining in accordance with the retirement trend 
reflected by the stub survivor curve as judged by visual 
inspection. This method was applied only to stub 
survivor curves of lengths sufficient to afford a reason- 
able and definite indication of the probable trend for the 
mileages remaining in service. 

B. By matching the stub survivor curve with one of 
the 18 type survivor curves described in Bulletin 125 
of the lowa State College Engineering Experiment 
Station. These 18 basic type survivor curves were 
developed as a result of a study of retirement trends 
for various types of industrial properties. The match- 
ing of a particular type curve with the stub survivor 
curve permits an estimate to be made of the probable 
future trend of mileages remaining in service. 

For a survivor curve that reaches zero percent re- 
maining for the reason that all the mileage was retired 
or that was extended to zero percent remaining in ac- 
cordance with method A above, the probable average 
life was determined by dividing the area below the sur- 
vivor curve by 100 percent. The total area below the 
survivor curve was obtained from a summation of the 
areas under the curve for each of the age intervals 0 to 
% year, to 1% years, 14 to 2% years, etc., to zero per- 
cent remaining. The area for each of these intervals 
is equal to the average percent surviving during the 
interval multiplied by the length of the interval which 
is 0.5 year for the 0 to % year age interval and 1.0 year 
for each succeeding interval (from % to 1% years, 1% 


9 Statistical Analysis of Industrial Property Retirements, by Robley Winfrey, 
December 1935. See also Proc. Highway Research Board, Vol. 15, Pt. I, pp. 47 to 60, 
or a description of the matching process. 





1928 1929 1930 1931 1932 1933 1934 1935 1936 1W37 


Miles \iles Miles Miles Mi ~ Miles Miles Miles Miles Mile 
qu u v ¥ y v 4 Yu 7 
41 41 41 40 Pi 40 31 31 31 
27 27 26 26 25 23 23 1v Iv 
$ $ $ 3 3 ] iy $ $ 
17 17 17 17 17 17 17 17 17 
A) 20 20 20 20 wv 20 2 20 . 
l4 14 14 14 l4 14 14 14 14 i 
s Ss Ss s s Ss s s s 
1] 11 ll ll 1] 11 11 
It 15 15 15 15 15 
31 $1 31 31 31 
16 16 16 16 
6 6 6 
22 22 
20 
131 139 14 164 193 207 204 222 242 e 
to 2% years, etc.) The average percent surviving 


during a given interval is assumed to be the arithmetic 

average of the percents surviving at the beginning and 

end of the interval. 

For cases in which the type survivor curves were 
utilized as in method B, an estimate of the average 
service life was obtained directly by matching the stub 
survivor curve with the type survivor curve affording 
the best fit. When matching stub survivor curves 
with the type survivor curves in Bulletin 125 of the 
lowa Engineering Experiment Station, it is obvious 
that the longer stub curves enable more reliable esti- 
mates to be made of the average service life. For short 
stub curves for which more than one type curve and 
average life satisfactorily match the stub curve, the 
type curve and average live selected were those consist- 
ent with indicated trends for other years of construction. 

The general methods employed determining the 
probable average service lives from survivor curves of 
various lengths are briefly described as follows: 

Percent remaining at end 
point of survivor curve _Usual method of determining probable average service 

| ae From the area under the survivor curve. 

15 or less_ - From the area under the stub survivor curve 
and its projection to zero percent remain- 
ing by judgment based on the indicated 
trend. 

Stub survivor curve matched with a typ 
survivor curve from Bulletin 125 if a rea- 
sonable fit could be obtained; otherwis 
from the area under the stub survivor 
curve and its, projection to zero percent 
remaining by judgment based on the indi- 
cated trend. 

Stub survivor curve matched with a typ 
survivor curve from Bulletin 125. 
some cases construction for 2 or mor 
consecutive vears was combined into lik 
age groups if the stub survivor curves fo! 
each of the individual years follows ap- 
proximately the same trend. 


15-40 


40-100- _ 


SURVIVOR CURVES PLOTTED FOR VARIOUS SURFACE TYPES 
Figures 2 to 9 represent examples of survivor curve: 
from which the average service lives were determined 
in accordance with the foregoing methods for various 
surface types and years of construction. Figure 2 illus 
trates construction for which the survivor curve reaches 
zero percent remaining in service. The gravel or ston 
roads constructed in 1910 reached zero percent remai 
ing on January 1, 1933, at an age of 22% years. Th 


average service life of 11.4 years was calculated from 
the area below the survivor curve. 
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FiGuRE 3.— SURVIVOR CURVE FOR 129 MILEs OF SOIL-SURFACED 


Roaps CONSTRUCTED IN 1916. 

In figure 3 the stub survivor curve for soil-surfaced 
roads constructed in 1916 is he as reaching 9 percent 
remaining in service at age 204 years. In this instance 

the stub survivor curve was saaaahed to zero percent 


remaining in service in accordance with judgment 
and the past trend. The probable average service 
life of 12.3 years was determined from the area below 


the stub curve and its projection to zero percent re- 
Maining in service. 

Figures 4 and 5 illustrate alternate procedures used 
When the end points of the stub survivor curves are 


between 15 and 40 percent remaining in service. 
Ficure 4 shows the stub survivor curve obtained for 
read cement concrete surfaces built in 1914. The 


end point of the stub curve is 34 percent remaining at 
-2'. years of age. The trend of the stub survivor 
curve is such that the average service life of 20 years 
can be estimated by matching the stub curve with the 
survivor curves. An S, type ' survivor curve of 
. vears average life was selected as the curve giving 
best fit. Beyond the age represented by the end 
point of the stub survivor curve the percentages 
re ining in service in future years are presumed to 
follow the trend of the type survivor curve. 
When matching type survivor curves with stub 
lurves, no attempt was made to obtain type survivor 
tves that match the stub curve with the minimum 


} 


L\ pe 


© 18 type curves presented in Bulletin 125 are designated by their shape as 
‘ed by both the modal age and modal frequency. The letters L, 8, and R are 
respectively, to the types having their year of greatest retirement to the left of, 
_ with, and to the right of the age corresponding to average life. Subscript 
are added to the letters to show the relative percentage of retirement at the 
ge, the larger number being used for the larger retirements or steeper survivor 
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FIGURE 4.—SwuRVIVOR CURVE FOR 261 MILEs or PorRTLAND 


CEMENT CONCRETE ROADS CONSTRUCTED IN 1914. 


mathematical deviation. When more than one type 
survivor curve and average life could be considered 
as satisfactorily matching the stub, care was taken to 
select the type curve and average life that were con- 
sistent with other years of construction. It was found 
through experience that undue refinement in matching 
is unwarranted in most cases. Approximate matching 


by visual methods in superimposing the stub curves 
on the various type survivor curves (drawn to the 
same scale) yields results as satisfactory from the 


standpoint of reliability as those obtained from more 


refined procedures involving precise mathematical 
adjustments. For purposes of comparison, figure 4 
shows both the stub survivor curve for portland 


cement concrete roads constructedin 1914 and the S, 
type survivor curve visually selected as being the beSt 
matching curve. 

On figure 5 is represented the stub survivor curve 
obtained for bituminous concrete roads constructed in 
1916. At the end point (20% years) of the stub curve, 
33.3 percent remained in service. Because the trend 
of the stub curve is such that it cannot be satisfactorily 
matched with any of the type survivor curves, it was 
projected to zero percent remaining in service in 
accordance with the trend reflected by the stub curve 
with consideration being given both to the trends of 
the type survivor curves that most nearly match the 
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Figure 5.—Survivor CurvVE FoR 132 Mies or BiTuMINoOUS 
CONCRETE RoaAaps CONSTRUCTED IN 1916. 


stub curve and to the trends for other years of con- 
struction. The probable average service life of 15.5 
years was determined from the area below the stub 
curve and its projection to zero percent remaining 
in service. 

Figure 6 shows the stub survivor curve obtained for 
bituminous penetration roads built in 1924. The 
end point of the stub curve is 75 percent remaining 
in service at 1244 years. The trend of the stub sur- 
vivor curve is such that the probable average service 
life of 15 years can be estimated satisfactorily by 
matching the stub curve with the type survivor curves. 
An R; type curve of 15 years average life was selected 
by visual inspection as the curve giving the best fit. 
For purposes of comparison, figure 6 shows both 
the stub survivor curve and the type survivor curve. 

Figure 7 illustrates an instance where type survivor 
curves from Bulletin 125 were matched with a stub 
curve whose end point is higher than 90 percent. The 
stub curve for portland cement concrete roads con- 
structed in 1924 extends only to 95 percent remaining 
in service, and the matching type curve selected is an 
R; curve of 27 years average life. 

,On figure 8 are plotted the stub survivor curves for 
bituminous surface-treated roads built during 1919-23. 
It is apparent that the stub curves for the individual 
years follow approximately the same trend. When 
difficulty is experienced in obtaining satisfactory 
estimates for individual years of construction and the 
successive years of construction show close agreement 
with respect to survivor characteristics, the data for 
the individual years may be combined into like-age 
groups for purposes of analysis. This was done for 
the bituminous surface-treated roads constructed dur- 
ing 1919-23 and the composite stub survivor curve 
obtained from the grouping is shown in figure 9. 
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Figure 6.—Survivor Curve FoR 898 MILEs oF BiruMmiINovs 
PENETRATION Roaps CONSTRUCTED IN 1924. 


Table 14 shows the procedure for grouping the data 
for the individual years of construction in order to 
obtain a composite curve. The trend of the composite 
stub survivor curve thus obtained is such that the 
average service life of 15.5 years can be estimated by 
matching the stub curve with the type survivor curves. 
Type S,; at 15.5 years average life was selected by 
visual inspection as the curve giving the best fit. For 
purposes of comparison, figure 9 shows both the 
composite stub survivor curve for these bituminous 
surface-treated roads and the S,; type survivor curve. 
Tables 15, 16, and 17 give in summarized form thie 
probable average lives for the nine surface types and 
indicate the method used in arriving at the estimate. 
The estimates of average lives for the earlier years of 
construction of each type should be more reliable than 
those for the more recent years of construction. The 
reason for this is that the greater percentage of retire- 
ments from the early construction leaves less future 
life to be estimated. On the other hand the mileages 


of early construction are so limited that the resulting 
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Remaining in service } 
Ave, years Year of construction 0 +. 
initiate eaadeds A | ® ‘ D ft) 4 8 l2 16 20 
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______|"4en'| 900 | ga0 | 170 | 498 | ‘1.871 omy anced ldlaiete SURFACE-TREATED RoAps CONSTRUCTED IN 1919-23. 
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ea 168 258 329 174 438 1, 367 99.7 : P : 
- 167 | 282| 325| 174| 488 | 1°38] 9B9 survivor curves frequently follow erratic trends, as 
: 1 ol ae) Gel atl eel eee compared to the generally smooth curves obtained for 
161 | 251 315| 173) 419) 1,319| 96.2 the larger mileages of construction of later years. 
161 | 228| 305| 165 | 408 | 1,267] 92.4 48 RE TS Tae ay - - 2 
148 | 228 | 207| 163) 390! 1,226| 89.4 Estimates of average lives are given in tables 15, 16, 
| | i i Si Sl ce Ss and 17 only when the retirements were sufficient and 
M42 | 212 | 240} 124| 350 | 1,068 | 7.9 the trend definite enough to warrant making the esti- 
4 2 7 21k ‘oa. 97 70.8 . ae : : 
111 | 166} 210! 114] 328! 9291 67.8 |. mate. It will be noticed that generally no estimate is 
101 | 137 | 102) 14) 24) S| OA | --- ey | -aaa | Made unless the end point of the survivor curve is 
94| 135 | 187 416| 556 42 983 | below 90 percent, and even for stub curves having 
81 133 214 51.9 229 93. 4 : : ss >~ Or 
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me GR OER APL ae RB . error in the prediction may be large. An added degree 
he pry columns A, B, C, and D for ages from 1414 years to 17!4 years are of reliabilitv is afforded. however, by giving considera- 
ned as ‘Ss: . - . = . 
ed as follows : tion to the trend of probable average lives for the prior 
imn A; The entry of 510 miles at the age of 141% years is the summation of th F a 
ges remaining for only 4 years of construction (1919 to 1922). The experience years. 
ft .e 1923 construction extends only to January 1, 1937, at 13'9 years of age and _ 2 
necessarily be omitted. Similarly, the entries in column A at ages of 159, 1619, Column B: Of the original construction of 1,371 miles there was 60.4 percent remain- 
ani (719 years include 3, 2, and 1 year of construction, respectively. ing in service at an age of 1314 years (828 divided by 1,371). Column D (for 4 of the 
umn C: The mileage entries in this column for ages from 149 years to 17!9 years 5 years of construction) indicates that 93.8 percent of mileage in service at an age of 
represent the mileages existing 1 year prior to the corresponding mileage entries in 131% years was still in service at 1444 years of age. Thus, 0.604X0.938 or 56.6 percent 
colllnn A. Thus, the entry of 544 miles at 14} years of age is the sum of the mileages of the original 100 percent may be considered as still in service at 1419 years of age 
of / to 1922 construction which existed at 131% years of age. Similarly, 98.3 percent (from column D) of the mileage in service (or 56.6 percent) 
mn D: The entries in this column represent the percentage of the mileage which at an age of 14} years was still in service at 1514 years of age. Therefore, 0.566 0.983 
remained in service throughout the pr ing year, obtained by dividing the entries or 55.6 percent of the original 100 percent may be considered as still in service at 1534 
'n column A by the entries in column C. Thus, of the mileage existing at 1314 years years of age. This same procedure is followed for obtaining] the stub survivor curve 


there was 93.8 percent still in service at 1414 years of age (510 divided by 544). 


entries at 1614 and 17% years of age in column B. 





























16 PUBLIC ROADS Vol. 22, No. 1 
100 SOIL SURFACED 
23r- —— - —— + 
20 =f alin 
*++— hth oo 
Wty ann | 
90 10 } TATU {H} 
HTT TTT Anil 
= + 4 } Ht i 
‘ HAAN 
pSeees 


80 





70 


























60 
o 
z | 
> | 
> 
c 
a 
50 4 = 
be S, TYPE CURVE —“\| 
z 
ua | 
ss 
Loa 
~ | 
40 - — = 
| 
| | \ 
30 + | ' 4 


AVERAGE LIFE 15.5 YEARS (DETERMINED BY 
COMBINING 1919 TO 1923 CONSTRUCTION AND MATCH- 
ING THE STUB SURVIVOR CURVE WITH AN S, TYPE CURVE) 














20 4 — 
| | 
| 

10 T 4 
| 

















19) 4 8 12 I 
SERVICE AGE - YEARS 
Figure 9.—ComposirE Survivor CURVE FOR 1,371 MILEs oF 


BituMINOUS SURFACE-TREATED ROADS CONSTRUCTED 1919 
9 


° 
= 
o -_ —+t—_ 


20 


AVERAGE LIFE OF HIGH-TYPE SURFACES INCREASING 


Figures 10 and 11 indicate the trends and show the 
irregularities of changes in average lives. Administra- 
tive policy has played a predominating part in the 
retirement of some types of surfacing. For example, 
the probable average service life of gravel or stone 
roads (the most extensive type of construction) has 
gradually been reduced to approximately 5 years for 
more recent construction, primarily as the result of a 
continually increasing practice of placing a bituminous 
surface on the gravel or stone within a limited time 
after construction. The conditions causing retirements 
of high-type surfaces are less influenced by changes of 
administrative policy than are those of low- -type sur- 
faces. Of interest, therefore, is the decrease in prob- 
able average service life of portland cement concrete 
constructed during the period 1916-20. This decrease 
probably results from the deteriorating effect of in- 
creases in volume and weight of traffic during and im- 
mediately following the World War period on those 
roads built under unfavorable conditions at that time. 
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FIGURE 10.—PROBABLE AVERAGE LIVES FOR SEVERAL TYPES 0} 
{0AD SURFACES CONSTRUCTED IN VARIOUS YEARS. 


For the purpose of obtaining definite indications, if 
any, of average service life trends, table 18 was pre- 
pared from tables 15, 16, and 17 by combining the 
individual construction years into six arbitrary con- 
struction-vyear groupings: 1903-10, 1911-15, 1916-20, 
1921-25, 1926-30, and 1931-36. The averages wer 
obtained by weighting the estimated average service 
life for a particular type during a given vear with the 
mileage constructed during that year. The table 
indicates that the average service life of the lowe 
types is decreasing, probably because of the adminis- 
trative policy of keeping the lower cype roads in service- 
able condition by periodic resurfacing and reconstruc- 
tion as well as by thew gradual improvement to a 
higher type through stage construction. For the 
higher types, there is evidence that the average servic: 
life is increasing, probably because of substantia! 
advances made in design standards, specifications, and 
construction methods. 

In table 19 is recorded for each type of surface the 
average age of the miles remaining in service on Januar) 
1 of each year from 1920 to 1937. To calculate this 
average age _~_ individual entry on tables 5 to 13 
was multiplied by its particular age. Vertical totals 
of age-miles for each year were then divided by the 
corresponding miles remaining in service on January | 
to get the average ages. In general, the average ages 
increase from 1920 to 1937. . Very heavy construction 
of a given type during a particular year either reduces 
the average age or slows up the increase during the 
same year for that type. 

Tables 20 to 28 indicate the percentage distribution 
of retired mileages of each surface type according to 
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TaBLE 15.—Probable average service lives of each year’s construction of soil-surfaced, gravel or stone, and bituminous surface-treated roads 


{Compiled from data submitted by 26 States for rural State or Federal-Aid system 


Soil-surfaced roads CGiravel or Stone roa Bituminous surface-treated roads 








, Esti- : | : Esti- 
Year of construct Percent mated Method Percent mated Method Percent mated Method 
Miles | TC™Maln- | average | of deter Miles pp hop oe sVerage f deter Miles remain- | average — of deter- 
built son hl service mina built ne ra servic mina built ne on service mina- 
years vear vears 
1Q03 ll 0 14 I 
1004 1s 0 14.4 I 
lw 2u ) I 
] (Ky mf 2.7 I 
1007 17 0 2.7 I 2 0 8.2 I 
1008 12 0 21.0 I 71 ( ‘s I lf 0 8.3 I 
wu Il 0 22.0 I 103 f j II 45 0 14.8 I 
1910 1 0 17.5 I 159 0) i I 60) 7 11.8 II 
1a 40) i) 16.Y l 161 ( ; 4 10) 11. 3 II 
12 129 0 14.1 I 212 ( I 2 39 20.0 L 
1u 139 ; 15.0 II 267 s I 82 7 11.2 II 
4 111 0 13.8 I } | { Il 13¢ ) 12.9 II 
Te) 1sv 4 11.4 il 4 ) } II ade) 43 20.0 L 
16 129 Y 12.3 I! 16} f 2 II 530) 36 || 
1917 103 { 12.8 I 275 t I 136 42 |p «4260 % 
LYIS8 74 Le II 1) | I] 214 5. 19.0 L2 
1u1y 128 5 14.0 > Dia II 168 38 
yr 279 2. 10. 2 Il I, ae s I] 2) 51 
? 34 } 7.8 Il > a f lI 29 57 15.5 s 
1922 4y s 6.4 II is ) II 17¢ 44 
ya ST } 5 II 657 2 is II $38 65 
4 421 21 7.3 II 4, 958 24 II 4st 82 || 
2 418 465 8.7 I 659 iT 109) aij 0 I 
yt 200) 30) 7 II 634 ; II 1, 567 78 | 17.0 R 
1927 218 7 | "10 | f 4, 680 42 ‘ I 770 S4 20 t 
12s TY 76 J : : \ SM 4 s I 2, 108 rr 12:5 RK 
all 1) o4 s KR 168 it I 2, 056 S3 14.5 RK 
/ 532 4 2 II say } s I 747 69 9.5 I 
131 75 5Y ’ II 6, 304 i) 2, 631 78 |) 
1932 44s a) 0 Il 318 ‘ I 2,169 s4 J 9.0 © 
433 48 70 6.0 I 4,244 t I 2,444 93 14.0 K 
4 1,021 72 ) I 4, 071 I 3, O42 wt 13.0 Ri 
435 613 4] 2.85 ~ I 2, O60 YQ ~ 
j H5l un 3, YAY } , O20 100 ~ 
} Phe last entry in this column is the estimate for the most recent year for which the retirement experience ifficient to enable a reasonable estimate of the average life 
be mace 
Method I Average service life calculated from the area under the original survivor curve 
Method II.—-Average service life calculated from the area under the stub survivor curve and its projection to 0 percent remaining by extension of past trend. 
Method So, Ra, ete Chese designations indicate that an estimate of the average service life was obtained by matcl the stub survivor curve with the type survivor 
if curves in Bulletin 125 
: TABLE 16 Probable average service lives of each year’s construction of mixed bituminou bituminous penetration, and bituminous 
( concrete roads 
Compiled from data submitted by 26 States for rural State or Federal-A 











( Mixed bituminous roads Bituminous penetration roads Bituminous concrete roads 
t _ —_ — 
ie oe Esti- el ii Esti- 
! Year of constructi het mated | Method ao ent mate Method ! peg mated Method 
( Miles ain- average of deter- | Miles ome 6 | average deter Miles | Femain- | average | of deter- 
built og service na- built ae servicer na- built “ng iD service mina- 
a] service | aie ser vice , fs service 4 
on 1-1-37 ate In von on 1-1-37; ‘Mel ' on 1-1-37._ Jife in tion 2 
——- years vears years 
D 
e- HN 0 - 4 I 
« 1 0 2 0 2 I 
2 3 67 40 33 23 II an 
| 47 u 18 IL 
Lt 4 17 it 14 17.7 Il 
oy 1 11 | 65 9 15.8 Il 71 10 13.1 II 
i IS. 1 Il 72 25 15.8 II 20 14.8 II 
al 2 100 76 33 6.4 II 7 12.6 II 
1d 1 58 213 28 14.8 4 3 15.5 II 
s 25 104 42 16.0 4 55 18.5 Ss 
‘ 100 122 53 1S. ( Ry 23 13.4 II 
’ LW) 213 51 lf R» 44 17.0 4 
it x0 312 44 14.0 R: 48 16.5 So 
= 83 | TT . 416 51 14.5 s 51 15.0 Sy 
. &3 | =. | 519 60 14 R 63 16.0 S) 
Mis 86 555 70 15.0 R 76 15.0 5s 
: : 52 || 12.0 R f 898 75 15.0 R 76 21.0 So 
LS 75 |f + - ) 704 83) ? | f S4 21.0 Le 
Is I 38 9.5 L 46 92 f re . a1 20.0 Le 
78 15.0 R 458 8S 17 R SS 
he . ¥ 67 11.5 Ss 664 85 19.0 4 93 
id 1, 83 14.5 S 873 bed) 14.0 4 91 
| , a 87 15.5 R 1, 184 89 18. ( g 92 
; ay 3 91 16.0 L 1,411 95 O4 
eS 1 5, 5: 4 1, 096 98 99 
On au 3,1: ys 981 97 97 piste 
19:34 5, 98 685 96 99 y 
eS 19 2 6 100 944 99 98 
she 3, 100 950 99 1,053 98 








Pe we entry in this column is the estimate for the most recent year for which the retirement experience is sufficient to enable a reasonable estimate of the average life 
>t made 
to , Method I.—A verage service life calculated from the area under the original survivor curve 

Mf thod Il.—Average service life calculated from the area under the stub survivor curve and its projection to 0 percent remaining by extension of past trend. 
mae ( —— 1 Re, ete.—These designations indicate that an estimate of the average service life was obtained by matching the stub survivor curve with the type survivor 
‘UFVes In Bulletin 125. 
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TaBLeE 17.—Probable average service lives of each year’s construction of portland cement concrete, brick or block, and dual-type 


PUBLIC ROADS 


Vol. 22, No. 


[Compiled from data submitted by 26 States for rural State or Federal-Aid systems] 


Portland cement concrete roads 


Percent | Estimat- 


Year of construction Method 
Miles | "emain- ——. of deter- | 
built bas 2 al : ‘ee life mina- 

on 1-1-37/in years!) “0® 

1907 

1908. 

1909 saela 

1910 ; l 100 27.0 (3 

1911__- xa 

1912 29 45 20.0 S3 

1913 42 55 22.5 Ss 

1914 261 34 20.0 s 

1915 27 42 19.0 S 

1916 505 36 16.5 Ri 

1917 236 44 16. 5 t3 

1918 22 43 16.5 R2 

1919 475 45 16.5 Si 

1920 _ 61 67 17.5 Rs 

1921 S838 75 20.0 S3 

1922 1,113 85 23.0 R 

1923 1, 124 93 25.0 R 

1924 1, 922 95 27.0 R 

1925 1, 690 97 

1926 2, O87 99 

1927 1, 942 98 

1928 2, 238 99 

1929 1, 891 100 

1930 3, 855 100 

1931 3, 518 100 

1932 2, 825 99 

1933 2, 039 100 

1934 1,110 100 

1935 828 100 

snc sn 994 100 


road 
Brick or block roads Dual-type roads 
Percent | Est t Percent | Estimat 
ercent | Estimat- . ercent | Es - sien 
Miles | Temain- | ed aver- — Miles | Temain- | ed aver- ot 
built ore} eee | aie built = ee) ieee 
service ice life tion 3 service ice life tion 2 
on 1-11-37 in years on 1-1-37 | in years ! 
7 0 11.3 I 
9 ll 20.4 If 
S 13 21.1 Il 
27 19 18.5 II 
24 54 25. 5 Si 
48 21 17.8 II 
40) 40 21.3 Il 
9y 37 21.1 II 
39 47 1.0 Sy 
27 48 19.5 S: 
120 59 21.5 Ss 
128 57 19.5 S2 
129 DA 19.0 S; 
143 48 15 5 
220 71 20.0 Ss 9 78 16.5 So 
261 65 17.0 S2 41 73 15.5 Ry 
226 82 17.5 Rs 27 59 14.0 Ss 
112 78 14.5 S4 3 100 
161 86 21.0 R 17 100 
125 91 20 100 
61 W4 l4 100 
78 98 8 100 
27 96 ll 100 
92 49g 16 a 
71 100 31 100 
6g 100 16 100 
28 100 100 
57 100 22 100 
$5 100 pH) 100 
28 100 13 10) 





! The last entry in this column is the estimate for the most recent year for which the retirement experience is sufficient to enable a reasonable estimate of the average | 


to be made. 


2 Method I.—Average service life calculated from the area under the original survivor curve. ; é, } 
Method II.—Average service life calculated from the area under the stub survivor curve and its projection to 0 percent remaining by extension of past trend. 
Method So, Ra, etc.—These designations indicate that an estimate of the average service life was obtained by matching the stub survivor curve with the type surviv.r 


curves in Bulletin 125. 
3 Assumed. 


TABLE 18.— Weighted probable average service life for various con- 
struction year groupings for each surface type 


(Compiled from data submitted by 26 States for rural State or Federal-Aid systems} 





Weighted probable average service life | of — 





Bitu- : > 
Construction- mi- | Atixed — Bitu- ae 
year grouping | Soil | Grav-| nous "hon oa ni- p= Brick Du: 
sur- | elor | sur- | [U- | MOUS | nous | Ce or pal 
faced | stone | face- al } — con- — block | tYPe 
treat- ? loan crete | CO- 
| ed crete 
| | | 
Years | Years | Years | Years | Years | Years | Years | Years | Years 
1903-1910 __- | 219.7 | 44 12.1 | 218.1 } 221.6 _.--| 227.0 | 218.3 
1911-1915......| 13.6 | 10.5 17.0 | 218.1 | 16.7 13.2 | 19.7 20.9 
1916-1920 - 11.7 | 11.0) 16.4) 221) 15.5) 15.8/ 168) 18.9 
1921-1925 _ _ _ .-- 7h) 6S } 20.7 21.6 15.2 17.9 | 324.4 18.2 | 2415.1 
1926-1930 _ _ _ - 8.1) 8.3] 13.8 | 14.3) 17.0 | 520.0 : rs 
5.4 | 76.0 | 611.4 | ©16.0 |___....|-- ae 





! Weighted in accordance with the constructed mileage and the estimates of average 
service life. 
2 Average service life computations based upon the experience of a very limited 
mileage of original construction. 
3 Average for 1921-24. 5 1926 only. 
4 Average for 1921-23. 6 Average for 1931-34. 


7 Average for 1931-35. 
§ 1931 only. 





method of retirement and replacement type. Retire- 
ments are summarized into vear groupings as follows: 
1927 and prior. 

1928-30. 

1931-33. 

1934-36. 

. Total through 1936. 

The methods of retirement are as follows: 


Nike Whe 


~ 


et 


1. Resurfaced.—Roads which are resurfaced or used 
as a base for the replacement type are so classified when 
the old surface is utilized more or less intact (with the 
exception of necessary scarifying, reshaping, or partial 
reworking of the surface) in the new construction whicli 
retires the old surface. Examples of this method are 
the retirement of a soil-surfaced road by surface treat- 
ing, or the retirement of a gravel or stone road by 
utilizing it as a base or foundation for a mixed bitu- 
minous road or a bituminous penetration road, etc. 
For surfaces which are retired by this method, it is 
obvious that the new or replacement construction must 


TABLE 19.— Average age of surfaces existing on January 1 of each year, 1920-37 


[Compiled from data submitted by 26 States for rural State or Federal-Aid systems] 








Surface type 


1920 | 1921 1922 | 1923 | 1924 | 1925 | 1926 | 1927 

















j j 








| 

1928 1929 1930 | 1931 | 1932 | 1933 | 1934 1935 1936 1937 

Years | Years | Years | Years | Years | Years Years | Years | Years | Years | Years | Years | Years | Years | Yeare | Years | Years | Yeurs 

EE ee ere 4.6 4.5 3.8 } 4.2 4.4) 46/ 48 5.4) 5.9 6.0 5.6 5.0; 4.9 56.0; 52 4.5 4.9 5.1 
Gravel or stone--...------.--.-----| 44] 38/ 27/) 24] 25) 26] 27 3.0 3.5 3.7 4.1) 4.3 4.5 4.7] 6&1] 68.4 6.0 6.3 
Bituminous surface treated __-__-.-- 3.9] 42] 43 |} 48] 48] 48] 44 3.9 3.8 3.8 4.0 3.7 3.9 441 4.7 5.0 5.5 5.8 
Mixed bituminous..............--| 4.6) 26) 15) 22) 27) 34) 41 4.3 4.2 3.4 3.2 2.5 2.4 2.4 2.8 3.1 3.7 4.1 
Bituminous penetration.__....-._- 3.6) 3.6 | 3.6] 3.6 | @e, 261 29 4.3 4.8 5.2 5.4 5.3 6.3) 5.5 5.9 6.4 6.8 | 7.0 
Bituminous concrete. -_--.-.---..-- 3.8) 39] 36) 36) 35] 35) 38] 41] 43 4.7 4.9 5.3 5.7| 6.0] 6.5 6.7 7.2) 7.1 
Portland cement concrete . -_.--.-- 2.8 3.2) 3.2 3.3) 3.5) 3.5] 3.7] 3.9 4.2) 4.5 4.9 4.8 5.0} 5.4 5.9 6.6 7.3 | 8.0 
Brick or block.......-.---..-------| 39] 43] 45|/ 47) 50) 56) 61) 67) 75/ 81) 90! 95) 100) 105) 13] 1.7] 124 } 13 
SIGE CYPO..... 22-2 0c 202 2+-=---- o~+|oosee0s|s220--- 6] .7 2.3} 6&9 28) 32] 38] 4.6 5.2 5.6} 5.7 6.1|) 68 7.0 7.4 7.8 

Total (weighted average)..... 3.9/ 3.8 | 3.3 3.3 3.3 3.4 3.5 3.7 4.0 4.2 4.5 4.5 4.6 4.7 5.1] 5.4 6.0 
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BITUMINOUS PENETRATION ROAD YEAR riraacointens ee ere 
S ————$——<—<——_—— _ . fxzza_~ RECONSTRUCTED MMMM TRANSFERRED 
' TYPE RETIRED = 
{| | 
| ] T | 927 & PRIOR 
928 - 1930 
} j SOIL SURFACE 
| 1931 - 1933 
| 1934 - 1936 
19278 PRIOR 
] GRAVEL 1928 - 1930 
HELL OR STONE 1931 — 1933 
1934 - 1936 
BITUMINOUS CONCRETE 
+ cs (ee ee 9278 PRIOR 
BITUMINOUS = igng 930 
= | | SURFACE #: legit 
TREATED 93) 933 
934 - 1936 
| 927& PRIOR 
MIXED 928 — 1930 
- | BITUMINOUS 93! — 1933 
934 9 SE 
. “ } 927 & PRIOR 
5 PORTLAND CEMENT CONCRETE BITUMINOUS !928 - 1930 
io T | a ae eee T PENETRATION |93! 933 
Lad 934 - 1936 
= | | me 8, i 
J | | 927 & PRIOR 
x 1 t + | - - 1 ‘ BITUMINOUS 928 - 1930 
x | | \ NCRETE 93! - 1933 
| n 934 - 1936 












































































































































CONCRETE 934 - 1936 
BRICK OR BLOCK pied ibitessens 
—_ — 3 NT eee - “ BR A 928 = 930 
]] R BLOCK 93! 933 
Mladen sed = 
] ] 0 10 20 30 40 50 66 70 80 90 100 
| PERCENT 
FicurE 12.—MeEtHops oF RETIREMENT OF VARIOUS TYPES OF 
| t t / Roap SURFACES FOR Four Groups oF YEARS. 
, . +———__ | necessarily be along the same alinement and practically 
905 910 915 1920 1925 1930 935 7 : 
YEAR OF CONSTRUCTION | the same grade. 
2. Reconstructed.—When surfaces are retired by 
Ficvre 11.—Propasie AveRAGE Lives ror Severax Tyres or | reconstruction there is little or no salvage of the old 
| 


toap SurFacEs CONSTRUCTED IN VARIOUS YEARS. surface and base, if any, into the new type constructed. 


TABLE 20.—Soil-surfaced road retirements; percentage distribution of retired mileages of soil surfaced roads according to method of retirement 
and replacement type 


{Compiled from data submitted by 23 States for rural State or Federal-Aid systems 





1927 and prior, 1,295 miles oon: - : , P __" : Total through 1936, 4,285 
Og 928-30, 978 S retire 931-33, 1,012 s e 934-36, 1,000 miles retire I , » 4, 
retired 1 30, miles retired | 1931-33, 1,012 miles retired | 1934-36, 1,000 miles retired miles retired 


| 
| 
| 
| 











Replacement type ! ws Simi lw Siyly - z | zy o = zit = s/s =a 
Se ae ae 1e|/e/1sicé gie1s]|eé e|/eEI|sié£ See Se - 
) = | be | & os - = e = = = _ _ = -— | 
2 ae ae | & BZBiegt!ts & Biesi| & Z A) < € Zisgsisés 
si Rial SaiatisBbisSi Soilalwalseisi gs Siewi#8i & 5 Z2le|l5!]8leae!]8le 
(2iSi2f i e/S318 | 8/8) 2/2/81 8 |fle/218  Elfelie!| 31218 18) 2/8 
lelel<lelelj@elel/<ij/eleleal/@lel/el/eljele#lelelelaelael<sjcle 
Per-| Per- Per-| Per-| Per-| Per-| Per-| Per-| Per-| Per-| Per-| Per-| Per-| Per-| Per-| Per- Per-| Per-| Per- Per-| Per- Per-| Per-| Per-\ Per- 
. cent | cent cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent 
ei rs ee 7a ; TS : S39) S31... 0.5) 0.5 
“raced and drained earth __- ‘ 3. 0} _. 0.2) 3.2 3.5 2.5) 6.0 1; 3.4] 3.3) 7.8 2.3 : 5.2) 7.5|--.--| 25] 0.8] 26] 5.9 
Boll suri. 3.6] 1.6] 0.2) .9| 63] 3.3) 22 5.5) 27.4 5 32.9) 44.6) 2.7)... 1.3) 48.6) 18.7) 2.9) .1)  .6) 22.3 
Gravel tiene | ee Ee Ue 4.7) 3.0) 1.8) 0.9 5.7| 5.4 5.41 5.8) 1.2) 1.0 8.0} 4.0) 1.2) .6).....| 5.8 
Bituminous surface treated....| 27.3) 4.8 3} 1.4] 33.8) 44.4) 9.1) 1.7 55.2! 20.1) 4.2 7 25.0) 12.2) 5.7 8} .7| 19.4] 26.0) 5.9 8} .6| 33.3 
Mixed bituminous__........- Ze | .2| 5&4 6 6.0) 7.5) 7.0) 4.6 19.1) 7.7; 29 1.5 3.12.44 49 2.5) 1.4 1| 8.9 
Bituminous penetration. ____- 5 5 te Ls 1.3) 21 4 2.5 5 9 1 1.5) 1.0) .3 2 | 1.5 
Bituminous concrete_....___. 1.2) 10.5) test es 3.1 4; 2.8 3.2 a 1) .9 4.1 | 5.0 
Portland cement concrete °_ 34.7| 4.2! 2} 39.1) 14.8) 2.2 2; 17.2, 20] 1.3 8 4.1 l 1 2) 14.4) 2.1 3| 16.8 
POUR eens _..| 70.0) 25.9} 1.4) 2.7/100.0) 74.1) 20.6| 2.6) 2.7)100.0) 64.9] 22.3) 8.7] 4.1100.0 70.9 15.7] 3.5] 9.9 100.0} 69.9] 21.5] 3.9] 4.7/100.0 
| 





' No brick or block roads or dual-type roads were encountered which replaced soil-surfaced roads. 

***None”’ indicates the mileage is dropped from the system and there is no new construction which may be considered as replacing the mileage which is transferred. 

> The use of the term “resurfaced” in lieu of “reconstructed” as a method of retirement in the case of soil-surfaced roads which are replaced by portland cement concrete 
'S hot precise. An attempt, however, is made in the case of “resurfaced’’ to indicate the extent to which the retired soil-surfaced road is utilized as a base for the portland 
cement conerete. (This same qualification applies, in a lesser degree, to replacements by other types.) 
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TABLE 21.—Gravel or stone road retirements; percentage distribution of retired mileages of gravel or stone roads according to method of 
retirement and replacement type 


{Compiled from data submitted by 23 States for rural State or Federal-Aid systems 


1927 and prior, 4,282 miles  ,g5 a ‘ , Potal through 1936, 40,962 
ade < 20) 25 gs retire: ry > ’ . — . 92 : , ¥ a*e . ota 1 igh 4 
retired 1928-30, 7,725 miles retired 1931-33, 15,346 miles retired 1934-36, 13,609 miles retired miles reti red 


Replacement type ! 


Resurfaced 
Reconstructed | 
Abandoned 
Transferred 
Resurfaced 
Reconstructed | 
Abandoned 
Transferred 
Total 
Resurfaced 
Reconstructed 

A bandoned 
rransferred 
Resurfaced 
Reconstructed 
Abandoned 
Abandoned 


otal 
Reconstructed 


Transferred 
Total 
Resurfaced 
Transferred 


Potal 


| 
| 
| 
| 
| 


Per-| Per-| Per-| Per-| Per- Per-| Per-| Per-| Per-| Per- Per-| Per-| Per-| Per- Per- Per- Per- Per-. Per- Per- Per- Per- Per-| Per- Per 
cent | cent | cent cent | cent cent | cent | cent | cent cent cent cent | cent cent cent cent cent cent cent 


cent cent cent cent cent cent 
None ?_. Gita 0.2} 0.: 


2} .. 0.1) 0.2) 0.3 0.1) 0.9) 1.0 0.2) 1.2) 1.4 01 O08 O 
Graded and drained earth 13 60.3 2} 1.8 2.3 4, 1.4) 41 26 1.1) 1.8 38 4.3'5 1.2, 4.1) 9.6 $0 9} 23) 62 
Soil surfaced __.......-- 5 5 l 1 0.3 l 4 0.1 l 9 
Gravel or stone 14.1) 5.4 7} 1.2) 21.4) 11.6) 1.6 7] 1.3) 15.2) 5.4) 1.4) 15 9 9.2) 57) 29) 1.0 9} 10.5, 7.6) 24) 1.1! 1.0) 12.1 
Bituminous surface treated 17.4 -2 1 1} 17.8! 20.7 2 20.9 11.5 l l 11.7) 23.7 s l 1| 24.7; 17.8 4 l 1 18.4 
Mixed bituminous ee 26. 3 6 1 27.0; 26.8) 1.1 2 28.6) 43.0! 1.9 s 6 46.3 35.65 4.0 1.7 7| 42.0) 35.7; 23) 1.0 5 39 
Bituminous penetration ‘es a l 286 7.5 eS 3 | 7.91 5.6 2 ’ 6.1! 3.9 1 3 13. 5.6 5 9 4 tie 
Bituminous concrete . 5.5} 22 s 7.9| 3.2 3.2 8 l 9 1.5 l l Lt ae l 2.4 
Portland cement concrete * 1.7) 11.7 4 9} 14.7, 1.5) 16.2 3 LS 19.8 6 15.1 $0 19.2 ‘ ae ; 8} 11.1 44 1.9) 3 
Brick or block... --- fi l | 1 
Total _..| 72.3) 23.0) 1.9 2.8100.0 71.3! 21.6, 2.1) 5.0100.0 66.9 21.5 4.4! 7.2100.0 71.0 16.0 4.9 8.1 100.0 69.6 19.8 » 6.7 10 





1 No dual-type roads were encountered which replaced gravel or stone roads. 


2“*None’”’ indicates the mileage is dropped from the system and there is no new construction which may be considered as replacing the mileage which is abandoned or 
transferred. = 
3 The use of the term “‘resurfaced”’ in lieu of “‘reconstructed”’ as a method of retirement in the case of gravel or stone roads which are replaced by portland cement concrets 


iS not precise. An attempt, however, is made in the case of ‘‘resurfaced”’ to indicate the extent to which the retired gravel or stone road is utilized as 


4 base for the portland 
cement concrete. (This same qualification applies, in a lesser degree, to replacements by other types 


TABLE 22.— Bituminous surface treated road retirements; percentage distribution of retired mileages of bituminous surface-treated road 
according to method of retirement and replacement type 


[Compiled from data sunmitted by 23 States for rural State or Federal-Aid systems] 





1927 and prior, 148 miles 





on . ‘ , : : . through 1936, 3,21 
vetived 1928-30, 352 miles retired 1931-33, 1,085 miles retired 1934-36, 1,625 miles retired Potal Mer - sh a 
Replacement type at os wey | S| gt | on em liaolievies ied 
Slab] Si aZlos/fslab| = 3 23/08 |28/ab| S| a8 3 
Hs 2 & s om io& Hs nF = = ose o&& Hs i tE& = o- = 
< ie Bie |m@ieg |e = aim |melie |e Ee |e = 


| 


Per-| Per-| Per- Per-| Per-\| Per- Per- Per- Per- Per- Per- Per- Per- Per- Per- Per- Per- Per- Per- Per- Per- Per- Per- Per- Per 





cent cent | cent | cent | cent cent cent cent cent cent cent cent cent cent cent cent cent cent cent cent cent cent cent cent, cent 

en ; i | SEG ee oe 0.1 0.1 tat Ge aan 2S ‘ 3.5} 3.5/.. 0.1 2.6 2 
Graded and drained earth Bae) nee HORE) eS, Eee 2.6) 0.5).- 2 ee 5.6 3.4) 7.9 16.9 2.6; 3.8} 51) 11.5 3.1) 5.3) Il 
Soil surfaced..........-- 0.4 _.- ‘ 0.4). as ; ; . 3 ia 2 2 
Gravel or stone------_-- = 0.5) .6)..-. 8.7 oa 9.0 4.2 4.2 9.1 4 = #1.0 10.5 7.0 2 6} 7.8 
Bituminous surface treated?.._ 36.8 .8_- ----.| 37.6] 24.7] 4.4 6 | 30.2) 19.4) 1.9 6 2} 22.1; 24.5] 2.3 5 1.1) 28.4) 23.4) 2.3 5 7| 2 
Mixed bituminous--_.-_-- 5 eae SS eS 5.5} 8.4 5} 3.3 3} 12.5) 15.2; 23) 23 19.8 19.1 a) 1] 3.1) 16.0) 28) 1.1 1 20 
Bituminous penetration ---_- 9.2) 10. 6)_- 19.8 9.1) 63) 1.4 15.8) 5.6) 2.0 2 7.8| 8.2 6 t 9.4) 7.5) 2.1 lt 
Bituminous concrete - - - - ___- 4.8) 2.2) 4.3) 7.0) 18.3) 7.0) 3.3).. 10.3 y 7 6.1) 6.§ a 7.3| 6.1 8 { 3} 7 
Portland cement concrete 3_- 3.0) 10.7 -9| 3.1] 17.7) 3.8] 13.6) 1.6 19.0! 2.7] 13.8} 1.8) 2.0) 20.3 4.2 a £8 283 8.8 1.6) 12.8 
Brick or block bet S ee See ae Py | ee {Se oA : : ; : ; 
Dual type-----.----- ory Te ; = a ; a 2 l = 

. PERE - . 59.4 24.8 5.2 10.6 100.0 0 “53 0 38.4 7.7 .9 100.0 47.8 30.3 9.2 12.7100.0 58.7 23.5 5.4 12.4 100.0) 54.5 27.5 6.8 11.2100 





ne ll indicates the mileage is dropped from the system and en is no new construction which may be considered as replacing the mileage which is abandoned or 
trans erre 


§ Because of the difficulties involved in the determination of the thickness of bituminous mats, it is probable that a portion of the large percentages of bituminous surface- 
treated roads which are resurfaced and indicated as being replaced by bituminous surface treated roads should in reality be indicated as being replaced by mixed bituminous 
roads. The data, however, are recorded as submitted. 

3 The use of the term “‘resurfaced”’ in lieu of ‘“‘reconstructed”’ as a method of retirement in the case of bituminous surface-treated roads which are replaced by portland 
cement concrete is not precise. An attempt, however, is made in the case of ‘‘resurfaced”’ to indicate the extent to which the retired bituminous surface-treated road is utilized 
as a base for the portland cement concrete. (This same qualification applies, in a lesser degree, to replacements by other types.) 


This classification includes old surfaces and bases that | service after being dropped from the State or Federal- 
are torn up and not reused. Usually, for types that | Aid system by being maintained and resurfaced or 
are retired by this method, the replacement type is | reconstructed, when necessary, by the county or other 
built along the same general alinement involving only | local authority. 


minor improvements in horizontal curvature and sight It is obvious that a fine distinction between the 
distance. Substantial improvements are usually made | various methods of retirement cannot be made. The 
with respect to grades and vertical curves, however. classifications are general in character and should be 


Abandoned.—For roads that are abandoned, the } so interpreted. 
new construction is on new location. Sometimes, isiseiis tin wisely ihe taib iininaies ete dennis emeibiens 
however, a road is dropped entirely from the system . “ eet ee ee eee 


and there is no new construction that may be considered The replacement type indicated on tables 20 to 28 
as replacing the mileage abandoned. In such cases, | is the surface type of the new road constructed to 
the replacement type is indicated as ‘‘none.”’ replace the surface of the old road. It is to be noted 





4. Transferred.—Retirement by transfer is similar to | that the replacement type may be upon entirely new 
abandonment except that the road is continued in ' location or there may be no replacement type as men- 
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[TABLE 23.—Mized bituminous road retirements; percentage distribution of retired mileages of mixed bituminous roads according to 
method of retirement and replacement type 
{Compiled from data submitted by 23 States for rural State or Federal-Aid systems] 
1927 ae ta miles 1928-30, 159 miles retired 1931-33, 617 miles retired 1934-36, 1,304 miles retired Total a — 
Replacement type? | Lag | tcl ag a¥|ag| oe aZlag| oe ee 53|ay| se 
of\/ sb log \fs! 3 oblag|es| 3 osi2giac| Ss |o8/ os 28! es) s os(2g/ne| 3 
% |eale |e | & me2\<eq ie | & mele ie Be mete ie | mele |e | & 
Per-| Per-| Per- Per-. Per-| Per-. Per-| Per-| Per-- Per-| Per-| Per-- Per- Per-| Per-. Per-| Per-| Per-| Per-| Per- Per-| Per-| Per-| Per-| Per 
cent | cent | cent | cent | cent | cent | cent | cent | cent cent | cent cent | cent cent cent cent cent, cent | cent cent | cent | cent | cent | cent | cent 
Jor aes 5 : ; , 1) 0.1 ) Se Dos it 0.2) 0.5) 0.7 
ira ul 1 drained earth : 6.6 6.6 1.3) 0.4 1; 1.8 1} 2.4) 3.6). 1.3 1} 15 2.9 
| faced al - 2 Xe 3 & ot .4 
iv rst 2.3 2.3 11. 5)... 11.5 1.8) 1.6 2 3. 6 281 22; 12 G@2@. 3.1 1.8 -8| 5.7 
us surf ace treated Ae 1.1 6.2} 0.1 5.3 1.1 1.1 § ] 5. 5). 3.5 . ok 4 
bituminous 5 Ra...) BO wee SS LS 48.1) 27 2.2; 1 6.8) 38.3) 41.4 3.2, 3.6) 56.1) 36.0 6.1) 2.5) 4.2) 48.8 
nous penetration 19.8) 8.6).....| 11] 2.5) 61) 1.6 ee 9} 1.2 f l 1.2; 28 8 sDisasand “ae 
nous concrete 9.1) 33. 7).. 42.8 1.9 4 2.3) 10.5 S l s Sy 5.6) 6.7) 24)... 3} & 
and cement concrete 3 16.1 3 16.4) 16.2 7.0 2} 1.6; 25.0) 4 20) 4' 12 37. 8 2 7.0 19.7) 2.5) 14.2 5} 8.0) 25.2 
type a 1 3 at i 2 
rotal ° 30.0 68.4 -5 1.1100.0 62.2 34.6 1.6 1.6100 0 46.6 28.9 4.5 20.0100.0 46.6 30.9 7.3 15.2100.0 47.1 31.8 65.9) 15.2,100.0 
or block roads were encountered which replaced mixed bituminous roads 
i e’’ indicates the mileage is dropped from the system and there is no new construction which may be considered as replacing the mileage which is abandoned or 
snisierrea 
! The use of the term “‘resurfaced”’ in lieu of ‘‘reconstructed”’ as a method of . tirement in thecase of mixed bitumir road 1 are replaced by portland cement 
te is not precise. An attempt, however, is made in the case of ‘‘resurfaced”’ ndicate the exte nt to which tl red mix minous road is utilized as a base for 
portland cement concrete. (This same qualification applies, in a lesser deg th ) replacements by other types 
TABLE 24.—Bituminous penetration road retirements; percentage distribution of retired mileages of bituminous penetration roads 
according to method of retirement and replacement type 
{Compiled from data submitted by 23 States for rural State or Federal-Aid 
1927 and prior, 158 miles aan ah: ath allan watiina 191 . g78 i acid Total through 1936, 1,868 
retired 1928-30, 299 miles retired — : - ’ ' retired miles retired 
Replacement type ~ |a8lag|"e a ee lawl ae! wT we | te ar, eo - 
ee\OR | °8\eS| gq lealo2|SS\e5| slg ee| S85 2 s\*s| a |2s|e2|os\e5| 3 
er eal ie ee ie Teele ie ee eS Le eZ (eVl as] Fis [eee lel eS 
“ele i< le eile ie I< le Bio |e i< je Go |e@ |e |< ae je |e i< |e & 
Pet. Pet. Pet. Pet.| Pet.| Pet. Pct. Pet.| Pet.| Pet.| Pet,| Pet.| Pet.| Pet. | Pet.| Pet.| Pet.| Pet.| Pet.| Pet.| Pet.| Pet.| Pet.) Pet.| Pet. 
\ 12 1.2 0.2; 0.4 0.6 0.2) 0.3) 0.5 0.2, 0.4) 0.6 
iT ind drained earth 0.2) 1.0 2 0 2 10,2) 1 5 3. 4 5 18.4 0.9 3.4) 8.3) 12.6 
s rfaced 3 1 a yt 
Gr tone 2.5 4; 2.9 2.7) 1.3 +0 1.8 4 2 } 8} 7.1 3.6) 1.7 . 6.0 
B us surface treated 6.3) 1.7 8.0 2.4 3 ) 1.8 l| 2 7.4 3.9} «=.4] (21.4) 5.7 
M umi 1.0 4.0' 7.8 1 0.4; 8.3) 5.4) 26 5} 1.8) 1 ) 2 ay) 26 28) 8S. LS HeO 
B u 30.2. 6.6 0.4 1.3) 38.5) 34.4 3. 1 ». 2 1} 42.8) 18.8 1.7 27 2.5 8 34.2, 20.9 7.5' 3.0) 2.4) 33.8 
B i 20.1! 2.6 22.7; 9 | ) 14.0 8| 3 7 7 1) 9.9) 86) 2.0) .2) .2/ 11.0 
Por t t 9.1) 13.7 9 3.7; 10.4; 8.0 3.1) 21.5) 1.6) 1 1.4) 12.4) 26 4.0 4) 89) 3.3) 7.5) .8] 5.6) 17.2 
Br 7.0 7.0 l 2 -2 7 oY eae 
D 2 2 l 4 4) Ay ‘2 3 
63.4 32.4) 1.3 2.9 100. 0 62.3 10.1} 4.1100.0 29.4 26.6) 12.0 32.0 100.0 31.2 12.9  20.4/100.0 40.5) 28.6 11.3) 19.6)100.0 
| 
indicates the mileage is dropped from the system and there is no new construction which may be considered as replacing the mileage which is abandoned or 
e of the term ‘‘resurfaced”’in lieu of “reconstructed”’ as a method of retirement in the case of bitum n us penetration roads which are replaced by portland 
rete is not precise An attempt, however, is made in the case of ‘‘resurfaced’’ to indicate the extel to which the retired bituminous penetration road is 
i base for the portland cement concrete. (This same qualification applies, in a lesser degree, to replacements by other types 
ti above under the classifications of abandoned | retired during the years 1931 to 1933, 4.1 percent were 
al insferred. Table 20, for example, indicates that | replaced by portland cement concrete surfaces. The 
di the period 1931-33, there were 1,012 miles of | distribution of the 4.1 percent is as follows: 2.0 percent 
SO faced roads retired in the 23 States for which this | were resurfaced along the same line and grade, 1.3 
seris of tables is prepared. The entries indicate that | percent were reconstructed along the same general 
64.0 percent of the soil-surfaced roads retired from | alinement, and 0.8 percent were transferred to other 
19. 1933 were resurfaced, 22.3 percent were recon- | authorities for continued maintenance and reconstruc- 
struc ied, 8.7 percent were abandoned, and 4.1 percent | tion. The new portland cement concrete roads which 
Werc transferred to other authorities for continued | replaced the old soil-surfaced roads transferred were on 
maintenance and reconstruction. The distribution of | new alinements. 
eacl, of these percentages according to the replacement Table 29 and figure 12 summarize the percentages 
‘type is also indicated. Of all retirements of soil- | retired by each method for each group of years for 
Suria ed roads during 1931 to 1933, the maximum each surface type. Most of the indicated trends are 
indi\ ual retirement entry is the 27.4 percent for soil- | not particularly significant, and there is considerable 
surlu-ed roads retired by being resurfaced with asoil- | variation among the different types with respect to 
surf; and the next largest entry is 20.1 percent | method of retirement. Resurfacing is an especially sig- 
retin! by being resurfaced by the addition of a | nificant method of retirement since it affords an ap- 
bituninous mat less than 1 inch in compacted | proximate measure of the relative extent to which the 
“ kriess various types of surfacing construction are salvaged 
20 also indicates that for soil-surfaced roads | when they are retired. 


a Ba, 3 











22 








PUBLIC ROADS 


Vol. 22, No.1 


TABLE 25.—Bituminous concrete. road retirements; percentage distribulion of retired mileages of bituminous concrete roads according 


~ 
i) 


[Compiled from 


data submitted by 23 States for rural State or Federal-Aid systems] 


method of retirement and replacement type 





1927 and prior, 434 miles 1928-30, 305 miles retired 














Total through 1936, 1,675 


1931-33, 387 miles retired 1934-36, 549 miles retired 














retired retired 
Replacement type! le le Bla] en ~ |aRlao| te te sett t hes » eB ae | mn oo am FS 
136|/05/,2|82 533/cs|.9|82 3 5143/82 3H\/0S/].9/82 a ~2|a@ 
nZ\os ole&| as |agios o|/ee| e@i@aies| cjek| oe i/7aleos] sie5| airs a ae! % 
Jo#| ce \<s n= | & o™ os £257; .=) = | om os [ot w= | = o“/os|fUlu=| o” 27 = 
le ie i< je |e le le I< je |e le le |e le | ele le |< Je | & le < |e |e6 
| Pet, | Pct. | Pet. | Pet.| Pet.| Pct.| Pet.| Pct.| Pet.| Pet.| Pcet.| Pet. | Pet. | Pct. | Pct. | Pct. | Pct. | Pet | Pet. | Pct.| Pet.| Pet.| Pet.| Pet | Pet 
EE ns See * AEDS. WPRSEL SUAS SNS ORES eee) BE BAH Vete® SS REE ee SSA eo Pe hs eee is 1.8] 1.8 
Graded and drained earth. ..__|..._. , CS... -|-----| | ae | 4.9 | 0.1) 5.0 0.4) 2.3) 1.6) 4.3/-..--) 11) 2.9) 7.7) 117 |} 14) 1 2.9) 5.8 
Gravel or stone................|.--- | tai aca fa eg) 1.2) .1/--...| 1.3 Bt Sox Beek oe RY oh 
Bituminous surface treated _-..|.....|..--- | SER ESE Ses ae ot (G@..... | | ee Ee Se 4.4 fe eT 1.8) .2 ey 
Mixed bituminous----.-......|__.-- re ee SF’ es ee Se eg: §.: a ewes 2.1] 11.3} 2.0 7) .4) 14.4) 4.4) .7] 3} «ll 5.8 
Bituminous penetration. ______ | 5.6) .5) 0.6/.....| 67] 26) .1] 40 6.7| 1.0} .1) .6 1 2a Sa) ah --.| 41) 3.2 4) 1.0 4.6 
Bituminous concrete _-___--___-- | 45.0) 5.8/...-- 2.4) 53.2) 49.1 + . 3.2) 57.5} 71.0) 1.1 -l| 2.4) 74.6) 38.9) 2.5 7| 1.3) 43.4) 49.8) 3.5 3] 22) 55.8 
Portland cement concrete 3_ _-_| 20.4) = Pmeun 34.6) 7.0) 14.3 5) 5.1) 26.9) 1.3) 8.2) 2.2) 2.2) 13.9) .3 1) 2.6) 3.2) 12.2) 9.6) 7.4) 1.7) 2.5) 21.2 
|S SERS SSS ee Se ee. sa oe fe eail S| 1 s oN fad ee Sas ae es 
| eee 4.9) |. | 4.9) 1.1 1 1.2 4 6 1.0 1.6 2 1.8 
NR es am _.| 85.9} 10.3 1.4) 2.4/100.0) 61.1) 25.2) 5.3) 8.4 100.0) 75.1 12.9) 5.7] 6.3,100.0 54.2) 20.7| 7.1! 18.0100.0) 68.6) 16.9, 5.0) 9.5 100.0 





1 No soil-surfaced roads were encountered which replaced bituminous concrete roads. : 
§‘*None” indicates the mileage is dropped from the system and there is no new construction which may be considered as replacing the mileage which is abandoned or 


transferred. 


3 The use of the term “‘resurfaced”’ in lieu of “reconstructed” as a method of retirement in the case of bituminous concrete roads which are replaced by portland cement 
concrete is not precise. An attempt, however, is made, in the case of ‘“‘resurfaced”’ to indicate the extent to which the retired bituminous concrete road is utilized as a base for 


the portland cement concrete. 


(This qualification applies, in a lesser degree, to replacements by other types.) 


TABLE 26.—-Portland cement concrete road retirements; percentage distribution of retired mileages of portland cement concrete roads according 
to method of retirement and replacement type 


[Compiled from data submitted by 23 States for rural State or Federal-Aid systems] 





1927 and prior, 418 miles 1928-30, 365 miles retired 





retired 
Replacement type S et = mie | SS 

(ae 2a Be. Siezisls 

2 lt = o & = = 

Ziwnwiwa eS | a} ais < 

= eizisz& on a =| a Z. ~ 

2/8\2i/2121/2/812/\2)| 3 

S)e(SlEl2 als lZle lez 

Pet. | Pet. | Pet. | Pet. | Pet. | Pet. | Pet. | Pct. | Pet. | Pct. 
OO EE ee aS at Se Sa... St 271 28 
Graded and drained earth. ERE . 2.9 414 2} 4.5 
Ea = er SR pe, SS ae : 
Gravel or stone__..-__- See eee 3.2; @2).... co 1.3 4 i 
Bituminous surface treated _- a8 eel Aas ee eee = ee 2 5 
Mixed bituminous_____......-- 0.4) 211. Baad } .5} 34) Ld. 4.5 
Bituminous penetration._____- 19.4) 6] 1.9)--___| 21.9] 19.4) 31) .1/  .2) 22.8 
Bituminous concrete. _....-...| 52.5} .2|--.-.| 1.6 54.3) 35.4) 1.3 36. 7 
Portland cement concrete ?__-.| 10.8) 2.2 6} 3.5) 17.1) 11.5] 85) 2.4) 3.3) 25.7 
OES OO ee a os eS ye See eee 
|, 2.3 2.3 7 t 

ES ee 85.5) 6.5) 2.7) 5.3100.0 70.4 18.5 4.6 6.5 100.0 





1 “None” indicates the mileage is dropped from the system and there is no new 
transferred. 








Total through 1936, 1,s62 


1931-33, 484 miles retired miles retired 


1934-36, 595 miles retired 


| 


ei ele\ sé Bie LElé Pi elEleé 
& z s & x Z2ilie | € % = <= 
5 8 & 2 = 5 = S FS - i = 8 2 = 
A 5 2 - ~ BR z S a|+ a - S e - 
oa > — _ = ~ ~ _ = S ' = ~ — 
r=} % < _ = x = < = = a & = = o 
Pet. | Pct. | Pet. | Pet. | Pet. | Pet.| Pct. | Pet.| Pet. | Pet.| Pct.| Pct.| Pet. | Pet. | Pet 
; 1.0) 1.8) 28 : 0.2) 2.6) 28)... 0.3} 1.9) 2 
44 2.4) 2.8 0.4 5} 3.2) 41 0.7 Re 
a 2 4 3 .6 -41 13 | 3 2 
0. 2 an 2 5 3 a — 2 om 
4.5) 1.5) 1.7 7.7) 12.8) 1.8) 16 1.9) 181) 60) L2| LO 6 88 
9.4 9 on 1; 10 4.4 = Dicccens a Eee Be 5 li 13 
28. 8 5 3.8 1; 36.2) 29.9) 3.9 2 3] 34.4, 35.7) 25 1.1 5) 39.8 
4) 19.3) 3.6) 7.6) 35.9) 5.0) 11.9) 40) 8&4) 20.3) 7.7) 11.0) 28 6.1) 27 
8. .8} 1.9). | & i aa Dae 
1.9 1.9) 2.6 3 os |} 31 2.0 a ll. 
50.8 25.4) 10.9 12.9100.0 56.6 19.0) 7.6 16.8 100.0 64.3 17.8 67 11.2 100.0 





construction which may be considered as replacing the mileage which is abandoned o! 


2 Portland cement concrete roads which have been recapped by portland cement concrete are indicated as ‘‘resurfaced”’ opposite the entry for the portland cement concrete 


replacement type. 


Table 30 was prepared to illustrate the approximate 
extent to which right-of-way was reused at the time 
the surfacing was retired. ‘The mileages resurfaced or 
reconstructed were used as a measure of the extent to 
which right-of-way was salvaged at the time of retire- 
ment. The mileages of rights-of-way that were not 
salvaged insofar as the rural State or Federal-Aid sys- 
tems were concerned were those that were abandoned 
or transferred. This table indicates a rather definite 
trend, both by surface types and years. In general, 
when the surfaces on roadways involving the higher 
types of surfaces are retired, there is less utilization of 
the original alinements than for roadways involving the 
lower types of surfaces. The yearly trend for all types 
is consistently toward less mileage resurfaced or recon- 
structed on existing alinement. This is evidenced by the 
decrease from 95 percent to 84 percent in utilizing in 
the replacement construction the alinements existing at 
the time of retirement for the periods of 1927 and prior 
and 1934 to 1936, respectively. 





od 


SUMMARY 


The preparation of programs, particularly of long 
range estimates, of finance and construction for highway 
systems must involve consideration of the probable 
average life of existing construction. 

While it is possible to determine the exact average 
life of construction already retired from service, the 
average life of existing construction cannot be deter- 
mined with absolute certainty until it is retired. It 
follows then that the only analytical method of ap- 
proach is to analyze the retirements to date to deter- 
mine the average life of past construction. 
and trends brought to light by such an analysis may 
then be used as a basis for arriving at reasonable esti 


mates of the average lives of existing or future con- 7 


struction. 

For certain studies in engineering and economics 1 
would be most helpful to know the true average life 
of the recently completed construction, but becaus: of 


The facts 3 
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g laBLeE 27.—Brick or block road retirements; pe rcentage distribution of retired mileages of brick or block roads, according to method of 
retirement and replacement type 


{Compiled from data submitted by 23 States for rural State or Federal-Aid 


1927 and prior, 61 Total through 1936, 300 


1928-30, 62 sre ‘ 931-33, 109 miles retire¢ 934-36, 68 miles retire« : 
miles retired 30, 62 miles retired 1931-33, 109 miles retired 1934-36, 68 miles retired miles retired 
Replacement type ! eo a ee ee a an ie oe oh ea: fe 
>| eis ee Se ae eh ee = 2 ae Sie; si2 
= be _ x = & c o & = © = = 5 = r= 
& + < = 7 = & & +77 = & = B = = S Ba a s 
S18] aie SIS Sl Siali si SS leleliaislsials tel Bi sliatl2is 
s % = i+ 2 > Fy e|<3 H S = = = Z. 2 r 5 $ z 5 Fe 413 
= ee - ao lian | S&S > = ~ 2 as _ : s - 1 z E om ime | Se “ol 
bap = = & - = ~ & - = = < ~ e = < ~ & = ~ < ad & 














Pet. | Pet. | Pet.| Pet. | Pet. | Pet. | Pct. | Pct.| Pct. | Pet. | Pet. | Pet. | Pet.| Pct.| Pct.| Pet.| Pet. | Pct.| Pet. | Pct. | Pct.| Pet.| Pet.| Pet. 
> Yone? ; 5.0; 5.0 , a is) £S 
a 8 Graded and drained earth 1.9) 1.0) 7.1] 10.0).....] 0.4) 0.2) 1.6) 2.2 
16 (jravel or stone... 0.2) 0.2 0.9 0.9 4 .4 3 1 4 
re Bituminous surface treated 21.3 | 21.3 20. 2 20. 2 0.9 ) .4 7 EA 8.9 oS G1 

Mixed bituminous 3.5 |} 3.5 1.9; 25 4.4) 23.7 3; 24.0) 6.8 9 1; 7.8 

. Bit nous penetration 4.1; 2.6 6.7 3 8 5 Tie OF 

8 Bituminous concrete 13.9 3.0 16.9) 19.8) 10.1 29.9) 16.3) 4.6 20.9 2) ¢ 1.0) 14.7) 14 5.8 2) 20.5 
es Portland cement concrete 3 2.1) 33 5.7/ 41.3) 1.8) 34.0) 0.6) 5.0) 41.4) 12.9) 29.3) 4.4) 25.0) 71. ¢ 2 4 6.9) 33.5) 6.2) 27.5) 1.8) 15.2) 50.7 
wn Brick or block 2.1; 8&2 10.3 8. 3 8.3 i 4 8 6 1.9 4, 3.6 5| 4.5 

Dual type 5 5| 2.2) 69 9.1 7| 1.6 2.3 
Total 25.7 68.6) 5.7/100.0) 21.6) 72.6 6; 5.2 100.0) 31.6) 37.7) 5.3 25.4:100.0, 36.3) 29.4 1.0 33.3 100.0 29.4) 49.2) 2.3) 19.11100.0 
uel No soil-surfaced roads were encountered which replaced brick or block roads 
ae 2*"None”’ indicates the mileage is dropped from the system and there is no new construction which miy be considered as replacing the mileage which is transferred. 
for ae 


Brick or block roads upon which have been placed a ‘second story”’ of portland cement concrete or brick or block are indicated as “‘resurfaced’’ opposite the entries for the 
rtland cement concrete or brick or block replacement types 


TaBLe 28.— Dual type road retirements; percentage distribution of ) prior construction. Such estimates will become fact 
penny a of — type roads according to method of retire- or approach fo only as thoes ties. ek eel 
ment and reptacemen ype . . ' ° ° 

Compiled from Si saate 23 States for rural State or Federal-Aid systems retirement wont the past conunue to act in the same 

wid ; | relative magnitudes or continue to change at the same 

general rates. Standards of design and construction 

= and traffic conditions have not changed materially 

enough in any short interval of time in the past to have 
| caused any abrupt change in the trend of average lives 
| of road surfaces, nor are they likely to do so in the 
| future. The changes have been gradual in the past and 

eaninets pensation ~¥- 1.2 : 9.3 | are likely to continue to be gradual, but over a long 
| 


Total? through 1936, 26 miles retired 


Replacement type! 





Resur- Recon- | Aban- Trans- 


faced structed doned ferred Potal 


Percent | Percent | Percent Percent Percent 
° 


wi Mixed bituminous 21.2 | 2.3 23 

Def Bituminous concrete 20.0 4 0 34.4 ; : 

2? —— cement concrete 3.9 7.0 1.6 27 18. 2 period of vears they have caused, and may again cause, 

Juai type 3. § 3] 4.¢ } ° “p My . . ° - 

29 significant changes in the average lives of roadway 
, otal 73.7 10.9 1.6 10.8 100.0 surfaces 

TT FF a siaea , ' ee For other types of physical properties the survivor 
; a he replacement types not listed were not encountered as replacing dual-type ‘ q rN ’ 

6 roads Acals © HOE BCE FRILAB ALES! curve method of determining probable average lives 


TE) ity dheegphe ns mph distribution by wear greume ee retired during various | js being used with increasing frequency and it should be 
equally advantageous when applied to highways. For 
- Svery few retirements, particularly from the higher | human lives it has been successfully used for a hundred 
itypes of surfaces, it becomes necessary to estimate these | years. In contrast to human lives, however, physical 
saverage lives on a basis of the trend of average life of | properties are subjected to wide fluctuation in condi- 
































TABLE 29, Summary of retirements; percentages of retired mileages of each surface type according to method of retirement during 
various years 
{Compiled from data submitted by 23 States for rural State or Federal Aid system 
ng : - = - " : 
y 1927 and prior 1928-30 1931-33 1934-36 otal through 1936 
va j =— BES eS Pe sa ea ee =. J : ee, a 
ible 5 J +=] > - Z 
ores lo | BIB! csitiziy 3s/Siziz o/S/itlg 39/8/31 
) _ }e/8/8\& S/ ERIE B/E e/E SI Ela|é Sie, alé 
age ie 2€/2/s/;é€ 2/3is{is & 2ios|2 $ ailo|e Sisiesié | 
> Sp SC aI Bia l SIS lSISIlalSIBIl SIS lalBlisSialiai#a#iBbBl Blaladia 
the | Ce ES ESS Ss Sle lS le Fs 2/318) 8/2 2/5/8182) 2/8 
¢ 4 faa < _ | am jo] ee =< = ~ Ss [a4 =“ fom fmt < [a4 fog fm fo] [oa fay o 
ter- . — — ‘ e e ~ — ‘ e e _ is e _ . c e ‘ Ls © 
It aa aaa rs | 
Pet.| Pct. | Pct.| Pet.| Pct. | Pct.| Pct.| Pct.| Pct. | Pct.| Pct. | Pct. | Pct.| Pct.| Pet.| Pet.| Pct. | Pct.| Pct.| Pct. | Pet.| Pet. | Pct. | Pct. | Pct. 
ap- oil surfaced . _..------| 70.0) 25.9) 1.4) 2.7/100.0) 74.1) 20.6) 2.6) 2.7/100.0) 64.9) 22.3) 8.7] 4.1/100.0) 70.9) 15.7) 3.5) 9.9/100.0) 69.9) 21.5, 3.9) 4.7/100.0 
tere ravel or stone _---| 72.3, 23.0 1.9) 2.8/100.0) 71.3) 21.6) 2.1) 5.0 100.0) 66.9) 21.5) 4.4) 7.2/100.0) 71.0) 16.0) 4.9) 8.1/100.0) 69.6) 19.8) 3.9) 6.7/100.0 
€ Ituminous surface treated___.| 59.4) 24.8 5.2) 10.6/100.0) 53.0 38.4) 7.7 . 9/100. 0) 47.8) 30.3) 9.2) 12.7/100.0) 58.7) 23.5) 5.4) 12.4/100.0) 54.5) 27.5) 6.8) 11.2/100.0 
acts fixed bit minous__..........| 30.0) 68.4) .5)> 1.1/100.0) 62.2) 34.6) 1.6) 1.6 100.0) 46.6) 28.9) 4.5) 20.0/100.0) 46.6, 30.9) 7.3) 15.2/100.0) 47.1) 31.8) 5.9) 15.2/100.0 
itumin« penetration __..| 63.4) 32.4; 1.3) 2.9,100.0) 62.3) 23.5) 10.1) 4.1/100.0) 29.4| 26.6) 12.0) 32.0,100.0) 35.5) 31.2) 12.9) 20.4/100.0) 40.5) 28.6) 11.3) 19.6)100.0 
Tay PBBitumino is concrete _..| 85.9} 10.3) 1.4) 2.4/100.0) 61.1! 25.2) 5.3) 8.4/100.0) 75.1) 12.9) 5.7) 6.3)100.0! 54.2) 20.7| 7.1) 18.0/100.0) 68.6) 16.9) 5.0} 9.5/100.0 
sti ortland « ment concrete._...| 85.5| 6.5) 2.7] 5.3/100.0| 70.4) 18.5) 4.6 6.5 100.0 50.8) 25.4) 10.9) 12.9:100.0 56.6 19.0] 7.6) 16.8/100.0) 64.3) 17.8! 6.7] 11.2/100.0 
) rick or block... .__- .| 25.7] 68.6} _.. 5.7/100.0) 21.6) 72.6; .6) 5.2 100.0) 31.6) 37.7) 5.3) 25.4/100.0) 36.3) 29.4) 1.0) 33.3/100.0) 29.4) 49.2} 2.3] 19.1/100.0 
eon: ual tyy ‘pe i Bw ake : be eas See (PRSe Dy: aca! (Sand Mae WAR a2 | 73.7| 10.9) 4.6] 10.8)100.0 
5 Tot -----------------| 72.2) 22.8) 1.9) 3.1,/100.0) 69.9) 22.6 2.7 4.8/100.0) 63.7/ 22.4) 5.2) 8.7/100.0| 65.8! 18.5) 5.5] 10.2/100.0) 66.6] 21.1! 4.5) 7.8/100.0 
3 it /_——— L mbonccitviesshinyiliomnl a 
life 9 ‘Only the totals are shown for dual-type roads. The mileage retired during various years is too small to warrant percentage distributions by year groups. 
of & 
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TABLE 30.—Salvage of right-of-way at time of retirement of surfacing; percentages of surfaced mileage retired by resurfacing or recon- 
struction ! used as a measure of the extent to which the right-of-way is utilized in the replacement construction 
(Compiled from data submitted by 23 States for rural State or Federal-Aid systems] 
1927 and prior 1928-30 1931-33 1934-36 Total through 1936 
Type retired Total Amount resur- Total Amount resur- otal Amount resur- Total Amount resur- Total Amount resur 
surfaced | faced or recon- | surfaced | faced or recon- | surfaced | faced or recon- | surfaced | faced or recon- | surfaced | faced or recon- 
mileage | structed (right- mileage | structed (right-| mileage | structed (right- mileage | structed (right- | mileage | structed (rig!)t 
retired | of-way reused) retired of-way reused) retired of-way reused retired of-way reused) retired of-way reuse 
Miles Miles | Percent Miles Miles | Percent Miles Miles | Percent Mules Miles |Percent | Miles Miles | Per 
Soil surfaced - _ -_-_- , 1, 295 1, 242 96 978 926 95 1,012 883 87 1, 000 866 | 87 4, 285 3, 917 
Gravel or stone... .- ‘ 4, 282 4, O77 95 7, 725 7, 169 93 15,346 | 13, 564 SS 13,609 | 11,829 | 87 40, 962 | 36, 639 
Bituminous surface treated. 148 125 S4 352 322 91 1, 085 S48 78 1, 625 1, 337 | 82 3, 210 2, 632 
Mixed bituminous . 64 63 98 159 154 97 617 465 75 1, 304 1,010 77 2, 144 1, 692 
Bituminous penetration... .__.- 158 152 96 299 256 86 533 209 56 878 585 67 1, 868 1, 292 t 
Bituminous concrete _- —“< ‘ 434 417 96 305 263 86 387 340 SS 549 412 75 1, 675 1, 432 S 
Portland cement concrete - -- -- 418 34 92 365 324 89 484 369 76 595 450 76 1, 862 1, 527 82 
Brick or block - - - - SEES? 61 58 95 62 58 o4 109 75 69 68 45 66 300 236 ’ 
(SE ee 3 2 67 14 11 79 a Y 100 26 22 
ED | SEED | SEE | ee S| a _ ES | | = — = = - —— ——E = —E —_ 
Total (approximate) ?.--.- 6,860 | 6,518 95 ‘10, 248 | 9,474 92 19, 587 | 16, 854 Sb 19,637 16, 543 s4 56, 332 | 49, 389 








1 The terms “resurfacing” and “reconstruction” are limited to work done along the same alinement (or right-of-way) as the road which is retired or replaced. The 4 


ferences between 
retirement. 


‘**Total surfaced mileage retired’’ and ‘‘Amount (miles) resurfaced or reconstructed”’ represent mileages which are abandoned or transferred at the tin 


2 The percentages indicated for the total are based upon the observed distribution and amounts of surfaced mileage retired as summarized directly from the data 
mitted by 23 States for rural State or Federal-Aid systems. The percentages are a lineal measure only; no adjustment is made for differences in right-of-way widths w 


may reasonably be expected between the lower and higher types of surfacing 


tions of service, in standards of design and construction, 
in economic and social forces surrounding their use, 
and in the policies of management. All of these com- 
bine to complicate the problem and to cast shadows of 
uncertainty upon predicted average lives of highway 
surfaces as well as upon other similar predictions. In 
spite of these uncertainties, much is to be gained by the 
type of analyses presented herein when the results are 
used within their limitations. 

The estimated average lives shown in tables 15, 16, 
and 17 are probably within 10 percent of the ultimate 
values for the curves having end points of less than 70 
percent surviving when the mileage constructed is 100 
or more miles. For the shorter survivor curves, the 
amount of error is more uncertain, but where estimates 
of average lives are given for such short curves the 
mileage tables, 5 to 13, afford positive evidence upon 
which the estimates are based. Although many of 
the average life estimates are recorded to the nearest 
one-half year and still others to the nearest one-tenth 
year, it should not be assumed that they are accurate 
to this extent. These apparently precise estimates 
merely result from the method of calculation which 
permits relatively close determinations to be made on 
the basis of experience to date. 

Closely related to the analysis of the probable 
average lives of roadway surfaces, but not considered in 
this report, are salvage value and economic life. Aver- 
age lives presented herein relate solely to the period of 
time between the date of completion of the surface 





construction and the date of retirement without regard 
to the value or condition of the surface at the time it 
was retired. Salvage value, of course, is an important 
consideration when determining total life cost of 
particular improvement or when making comparisons 
of the economics of two or more types of construction 
Future annual maintenance cost, future salvage valu 
and the value of the services rendered are factors t 
consider when the economic life is sought. It is ex- 
pected that future studies will include analyses of both 
salvage value and economic life in order that the ful! 
economic picture of roadway surfacings will be availabhli 
for use in selection of design standards and for long- 
range planning. 

While this report is restricted to road surfacing, tli 
additional problems in connection with right-of-way 
grading, and structures are being studied in the highwavy- 
planning surveys. The road-life studies also include 
roadway and bridge construction and maintenance cost 
studies. Eventually, data will be available for many 
specific analyses of highway costs, economic selection o! 
projects, and other administrative and engineering 
problems, which in some way depend upon service lives 
for their solutions. The knowledge will be extended as 
additional States complete the compilations outlined 1 
the original road-life studies and as they are contin: ed 
and extended. Further, analyses by individual Sta 


will afford results of more specific application to be 
individual highway systems than can be obtained wholly 
by this analysis of the combined data from 26 Staies 
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PUBLICATIONS of the PUBLIC ROADS ADMINISTRATION 








Any of the following publications may be purchased from 
the Superintendent of Documents, Government Printing Office, 
Washington, D. C. As his office is not connected with the 
Agency and as the Agency does not sell publications, please 
send no remittance to the Federal Works Agency. 


ANNUAL REPORTS 


Report of the Chief of the Bureau of Public Roads, 1931. 
10 cents. 
Report of the Chief of the Bureau of Public Roads, 1933. 
5 cents. 
Report of the Chief of the Bureau of Public Roads, 1934, 
10 cents. 
Report of the Chief of the Bureau of Public Roads, 1935. 
5 cents. 
Report of the Chief of the Bureau of Public Roads, 1936. 
10 cents. 
Report of the Chief of the Bureau of Public Roads, 1937. 
1) cents. 
Report of the Chief of the Bureau of Public Roads, 1938. 
10 cents. 
Report of the Chief of the Bureau of Public Roads, 1939. 
10 cents. 
HOUSE DOCUMENT NO. 462 
Part | . . . Nonuniformity of State Motor-Vehicle Traffic 
Laws. 15 cents. 
Part 2 . . . Skilled Investigation at the Scene of the Acci- 
dent Needed to Develop Causes. 10 cents. 
Part 3. . . Inadequacy of State Motor-Vehicle Accident 
Reporting. 10 cents. 
Part 4. . . Official Inspection of Vehicles. 10 cents. 
Part5 . . . Case Histories of Fatal Highway Accidents. 
10 cents. 
Part6 . . . The Accident-Prone Driver. 10 cents. 


MISCELLANEOUS PUBLICATIONS 


so. 7OMP . . The Results of Physical Tests of Road-Building 
Rock. 25 cents. 


‘o. ISIMP. . Roadside Improvement. 10 cents. 

so. 272MP. . Construction of Private Driveways. 10 cents. 
-279MP. . Bibliography on Highway Lighting. 5 cents. 
ghway Accidents. 10 cents. 

ve Taxation of Motor Vehicles in 1932. 35 cents. 

ides to Traffic Safety. 10 cents. 


Economic and Statistical Analysis of Highway-Construction 
.xpenditures. 15 cents. 


ughway Bond Calculations. 10 cents. 
‘ransition Curves for Highways. 60 cents. 
Highways of History. 25 cents. 


DEPARTMENT BULLETINS 
No. 1279D . . Rural Highway Mileage, Income, and Expendi- 


tures, 1921 and 1922. 15 cents. 
No. 1486D . . Highway Bridge Location. 15 cents. 
TECHNICAL BULLETINS 
No. 55T . . . Highway Bridge Surveys. 20 cents. 
No. 265T. . . Electrical Equipment on Movable Bridges. 


35 cents. 








Single copies of the following publications may be obtained 
from the Public Roads Administration upon request. They can- 
not be purchased from the Superintendent of Documents. 


MISCELLANEOUS PUBLICATIONS 


No. 296MP. . Bibliography on Highway Safety. 
House Document No. 272 . . . Toll Roads and Free Roads. 
Indexes to PUBLIC ROADS, volumes 6-8 and 10-20, inclusive. 


SEPARATE REPRINT FROM THE YEARBOOK 


No. 1036Y . . Road Work on Farm Outlets Needs Skill and 
Right Equipment. 


TRANSPORTATION SURVEY REPORTS 

Report of a Survey of Transportation on the State Highway 
System of Ohio (1927). 

Report of a Survey of Transportation on the State Highways 
of Vermont (1927). 

Report of a Survey of Transportation on the State Highways 
of New Hampshire (1927). 

Report of a Plan of Highway Improvement in the Regional 
Area of Cleveland, Ohio (1928). 

Report of a Survey of Transportation on the State Highways 
of Pennsylvania (1928). 

Report of a Survey of Traffic on the Federal-Aid Highway 
Systems of Eleven Western States (1930). 


UNIFORM VEHICLE CODE 
Act I. 


Uniform Motor Vehicle Administration, Registration, 
Certificate of Title, and Antitheft Act. 


Uniform Motor Vehicle Operators’ and Chauffeurs’ 
License Act. 


Uniform Motor Vehicle Civil Liability Act. 

Act 1V.—Uniform Motor Vehicle Safety Responsibility Act. 
Act V.—Uniform Act Regulating Traffic on Highways. 
Model Traffic Ordinances. 


Act Il. 


Act III. 








A complete list of the publications of the Public Roads Ad- 
ministration, classified according to subject and including the 
more important articles in PUBLIC ROADS, may be obtained 
upon request addressed to Public Roads Administration, Willard 
Bldg., Washington, D. C. 
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